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ABSTRACT 


ane report documents the theoretical background and the statistical 


structure of the U.S. livestock supply component that, wilh ey e part gis 
PD han otie nod Sratitint bo Ape pibnet Sc 


the U.S. country model in the IIASA) linkage eyeteny gerne nethodological | 8 oe 


MObL wh a pw Fo 
framework of the estimated statistical models is presented in Section 4p f 


hh Aiheg 
Ir-this~seetion the literature on the capital asset approach to livestock © on 


modeling is reviewed and its implications explored. Section II deals with 
the empirical estimates of the following components of livestock supply: 
beef (including veal) and dairy, pork, lamb and sheep (including wool 
production} \and poultry (including eggs and turkey). This section also 
ieeaemerd ee empirical estimates of feed demand of corn, barley, sorghum, 
oats, wheat, roughage and hay, soybean meal and all other oilseed meals. 
Finally, in Section III, the dynamic properties of livestock supply are 
described and their implications explored. 
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Forward 

This report documents the modeling activities related to the U.S. 
livestock disaggregated supply model as part of the comprehensive U.S. 
model which will be used in conjunction with other country models in the 
IIASA linkage structure. 

In Section I, a critical review of existing peonoate models in the 
livestock sector is presented. This section was prepared with the 
collaboration of Donald W. Regier. Here, the structure, limitations and 
possible improvements of existing theoretical models are analyzed. With 
this theoretical background in mind, the statistical estimates of the U.S. 
livestock supply model are presented and discussed in Section II. 

The U.S. livestock model deals explicitly with the following supply 
components: beef (including veal) and dairy, pork, sheep and lamb, poultry 
(including turkey) and eggs. Excluding the sheep and lamb component, the 
Structure of the other components is similar to different versions of the 
USDA's cross~commodity model; the specification of some of the equations was 
changed, new equations were added and all equations were constrained to 
Satisfy the homogeneity of degree zero condition in prices. Section II 
also includes the historical validation of the supply components and the 
statistical estimates of the input derived demand functions for the feed 
grains, hay, soybean meal and other high protein meals. 

Section III deals with the dynamic characteristics of the livestock 
supply model. Since the IIASA model is expected to be used for policy 
Simulations and analysis of a 15 year horizon, it is important to evaluate 


the long run (steady state) characteristics of the model. 


Because of the mathematical complexities in dealing with non linear non 
homogeneous systems of difference equations, only an empirical 
verification of the dynamic characteristics of the model will be 
presented at this stage. 

On this occasion, I wish to express my gratitude and appreciation to 
Sue Tuan for her invaluable assistance in the computational aspects of 
this report and to Rose Mayhew for her typing and retyping of the 


manuscript. 


Finally, but not less important, I would like to thank Vernon Roningen 
Branch Chief of Trade Policy in IED, for his efforts to make my stay 


in Washington as productive as possible. 
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A Critical Review of Existing Economic Models 
in the Livestock Sector” 


Modeling the livestock economy and obtaining reliable econometric 
estimates of the underlying structure of livestock production and supply 
has been a long time effort in the field of agricultural economics. 

A characteristic feature of the state of the art in livestock 
modeling and supply estimation is the great variability of sign and 
magnitude in the price elasticities that have been estimated for the 
U.S. supply of slaughtered beef. Among annual models, positive own 
price elasticities of supply have in the short-run been estimated 
for fed feed by Langemeir and Thompson (1967), Freebairn and Rausser 
(1975), Folwell and Shapouri (1977) and Shuib and Menkhaus (1977). | 
But while Freebairn and Rausser estimated positive own price short 
Tun supply elasticities for non feed beef, Langemeir and Thompson and 
Shuib and Menkhaus estimated negative values for these same elasticities. 
Using a RSET classification, Reutlinger (1966) and Ospina and 
Shumway (1979) found negative own price supply elasticities for cows 
in the short-run, but different signs and magnitudes of price elas- 
ticities for steers and heifers. These results are summarized in 
Table 1. 

Differing levels of time and product aggregation and grading, 
estimation techniques, the difficulty of separating the short-run 
and long-run effects of a change in current beef prices and the 
analytical conceptualization of the formation of expectations are among 


the reasons given for such divergent results. 


aes 


Table 1:--Summary of Short-Run Price Elasticities of Beef Supply:.U.S.* 


Elasticity with respect to the price of 
Beef Category : Choice Beef : Good Beef : Utility Beef : Corn : All Beef 


Ospine and Shumway: 


Steers, choice : 2.63 = 2250 -.65 

Steers, good : 00 gilys rok 

Heifers, choice ; 3B. 6 -2.68 -1.03 

Heifers, good , -.85 1 3Gs Fs 02 , 

Cows : -.18 

All Beef -.25 14 
Reutlinger: : Fed Beef Non fed Beef 

Steers : | .16 to .18 

Heifers . -.69 to .63 

Cows : -1.23 to-.92 

All Beef -.17 to-.03 


Langemeir and Thompson:* 


Fed Beef : eG 
Non fed Beef ; -.55 
All Beef : ; Fe he: 


Freebairn and Rausser: ° 


Fed Beef : 0 
Non fed Beef ; eon 
All Beef . 14 


Folwell and Shapouri: 


Steer-Heifer * 06 

Other Beef j 0 p 

All Beef : ~04 
Shuib and Mankhaus: ° \ 

Fed Beef ; oe 

Non fed Beef ; -.97 


* Source: Ospina and Shumway. 


It is the purpose of these review to survey the existing theoretical 
models in livestock in order to explore their theoretical and empirical 
aspects and to illuminate the specific attributes that are important 
in livestock modeling and estimation. 

Unlike other sectors of the agricultural economy such as grains and 
vegetables, livestock supply is subject to relatively long production 
lags and while it is influenced by its demographic composition which 
is dynamically related through time, it is also affected by the economic 
altermatives existing at each age cohort. 

The fact that each age cohort is recursively dependent on younger 
age cohorts and the fact that each age cohort has current available 
marketing alternatives, have long been recognized (but not always 
explicitly) as a crucial component of livestock modeling. This 
recognition has naturally led to considering a head Bem estork as 
a multipurpose consumable capital asset. 

The alternative uses of a male calf are: 

1) An immediate consumer good -- veal, 
2) <A growth asset -- to become a steer, 
3) As a steer, to be consumed as non fed beef, 


4) As a steer, to be put on feed on further growth -- 
and eventual slaughter as fed beef, and 


5) To be raised as a bull. 

Similarly the principal alternative uses of a heifer calf are: 
1) A consumer good -- veal 
2) An investment good -- to become a heifer, 


3) As a heifer, to be consumed as non fed beef, 


4) As a heifer, to be put on feed as a further investment good 


for further growth -- and eventual slaughter as fed beef, 
5) An investment good -- to become a beef cow and breed calves, 
6) An investment good -- to become a milk cow, produce milk and 


breed calves, and 
7) Eventually as a cull cow -- to be consumed as non fed beef. 

Considering the current and future disposition of livestock and 
assuming that livestock producers wish to maximize their expected stream 
of profits over time implies that livestock will not be disposed for 
slaughter and consumption while its expected value in the future, namely 
as a capital asset, exceeds its current market value for slaughter. 
Accordingly, cattlemen manage the sizes and composition of their herds 
to complement each other and to accommodate to the other assets of the 
enterprise, in terms of land, buildings, feed supplies, transportation 
and handling facilities. They do this with respect to expected growth 
performance of the different age cohorts in the Rees and present and 
expected prices. 

Hildreth and Jarret (1955) were the first ones to formalize in a 
mathematical framework the intertemporal allocation of resources and 
production in the livestock sector. They consider the decisions and 
plans of the livestock producer during the t th time period. The 
producers production function is 

(1) ne = 0 (Xe; Ky» N, ) 
where n, represents the output produced during the t th period, x 
stands for the vector of current inputs and Ky represents durable 


capital equipment at the beginning of time t. They also assume that 


the firm's own output is required in the production process Nie This 
stock of output on hand reflects the capital asset component of livestock 


production. 


The amount of output sold during the period is denoted by s, and 


t 


is related to the output on hand at the beginning and end of the period 
by the accounting relation 


(2) Sipser om N. + Ue - S, 


The profits obtained during the t th period is given by 


(3) inpny be dha ai er Syl are - BK,) 


where Pe» > F stand for the current prices of s,, x, andK,, respectively, 


. 2 t 


8 represents the proportion of the fixed captial at the beginning of the 
period that is still available for use of the end of the period. During 


period t the producer decides Xx.» 1 s,, N Reel and w, subject to 


Copel etre ve 


restriction given by (1), (2), and (3). These decisions are made 


according to the following preference function 


ai AV) N 
av av 
where W La N and K are the planned values of the respective 
t+l1 t+2 t+2 


variables at the end of period ttl. The specification of P+ is a 
reflection of the fact that plans for future periods are relevant for 
current decisions because it is always possible to increase current 
profits at the cost of depleting the resources (N,K) available for 
future production. Hildreth and Jarret assume that plans are made 
one period ahead and are based on anticipated prices for period 

AY % N 
ttl. These anticipated prices are denoted as Peep? Teer? Teer: 


For plans to be consistent, the technical and accounting restrictions 


that will hold in period t+l must be taken into account. They are 


mg ee 


uf 
(5) Mey, = OX etr> Reta Nety) 
av) A) 
(6) Neo = Neti * Mee. 7 Seti 


~ AL, N AY, LA, AV, 
(7) Wear = Peel St+1 - de¢y xe+l ~ Teta Ket+272K p47) 


Ze Ae 


Therefore, at time t, as the producer observes Pes Ibo Yt and knows 


K, and Ni, he forms anticipation Of Petis Ic+z, and Ty+4,7. He then 


at % nN 
decides x,, ny, Sp» Kia Ne+z, Wy, and forms plans xX;+44}; Neey> St+l> 


av % a chee Le 
Keo Niios We+], SO as to maximize his preference function (4). 
In other words the producer maximizes function (4) subject to the 


constraints specified by functions (1), (2)', 5 63) sao. COs sa 


If there exists a unique and internal solution, Hildreth and Jarret show 


that the following conditions of allocating inputs and production will hold: 


3 
(8) Se Pe = 4 


N AY, av 
36 ) 38 
(9) $2 aR) Pett +8 reel) = oe, Te 


N ING 36 


| a6 ny * 
(10) 4% Nes Peti * Pet) = Ow, Pe 


ores 


av 
00 me 2 
(11) aay e515 0 Ve+1 


av) 
(123) “SPELT See 


(13) OW 


=P 
ON+2 trl 


These six conditions together with the six constraintsspecified above 
establish uniquely the 12 decisions and planned variables which the 
producer chooses at time t. 

The condition in (8) represents the well known result from static 


theory that the current marginal value product equals the current 


iy gm 


price of the input. Conditions (9) and (10) are typical conditions 
obtained from dynamic analysis. 
The left hand side bracketed term in (9) shows the planned (or 


expected) marginal profits when the durable capital equipment is 


% 


nN 
currently increased, namely °Wr+1 
ORe+1° 


When multipled by the marginal effect of an increase in expected 

profits on the preference function a » we obtain the subjective 
OWe+l 

valuation of an increase in durable capital for future production. On 
the other hand, a current increase in durable capital for future production 
affects current profits negatively by the amount of r, which in turn 
affects the subjective preference function by 3 In equilibrium, the 
subjective valuation of the increased expected profits is equal to the 
subjective valuation of the current increased COSCae 

The fon results hold with respect to an increase in the stock 


of livestock on hand. The bracketed left hand term in (10) shows the 


marginal increase in expected profits that results from an increase in 
a 


A 
current inventories of livestock, namely OW 1 This is evaluated in 
oR e+] 36 


terms of the preference function when multiplied by aN On the other 
hand, increasing current inventories imply, cetris paribus, a reduction 
in current sales and therefore a current marginal loss of P,- When 
“evaluated in terms of the preference function, equilibrium conditions 
require that the marginal benefits are equal to the marginal penalties 
when current livestock inventories are increased. This last condition 
affecting the intertemporal allocation of livestock inventories is a 
crucial aspect of estimating supply functions for livestock and has 
become the core of the theory presented by Jarvis (1969, 1974), exploring 
the implications of considering cattle as capital assets. We shall 


deal with the subject later on. 


Sree 


Condition (11) states that the expected marginal value My Gee of 
the input equals its expected price and conditions (12) and (13) state 
that the expected marginal profits from increasing x and N is equal to their 
expected respective prices. 

An interesting consequence of this theory as presented by Hildreth 
and Jarret is that current production ny and current input demand x; 
are independent of anticipation or expectations. Equations (1) and (8) 
can be simultaneously solved for n, and xz and the solutions involve 
only exogenous and predetermined variables. This is important when 
econometric estimation is considered. In general all other wunknows 
(decisions and plans) depend on both the predetermined variables and on 


anticipation or expectations, 


While the Hildreth and Jarret analysis is important in specifying 
the predetermined and exogenous variables which affect the decision 
and planned variables, it does not indicate the likely effects of 
changes in the predetermined and exogenous variables on the decision 
and planned variables. Clearly, it is not an easy task to conduct 
meaningful comparative static analysis in a system as complex as the 
one they considered. Moreover, as will be later shown, it is not 
clear that unambigous results can be obtained from such an analysis. 
‘In their empirical model which deals with livestock in the 
aggregate, they specify the quantity of livestock and livestock 
products sold as dependent, among other variables, on the prices of 
feed grains and farm labor and on the price of livestock and livestock 
products. For the lack of a better alternative, they assumed that 
anticipated prices are functions of current prices. Their estimates 


show that input price increases lead to an increase in current supply 


and that product price increase leads to a decline in current supply. 
Justifying these results, they claim that as a price of an input rises 
and if anticipated prices are an increasing function of current prices, 
it will lead to a decrease in inventory held for future production and 
hence, to an increase in current supply. Similarly, with respect to 
product prices, they claim that "...in the absence of offsetting factors, 
an increase in price (particularly of cattle) leads to favorable 
anticipations, to an attempt to build up inventories and lower current 


sales, and to a strengthening of the tendency for current prices to 


rise" (op. cit. page 106). This is cited as a destablizing tendency 
in livestock production. Therefore, it is the investment demand for 
inventory, in their opinion, that is the main force in explaining 


current supply of livestock and livestock products. 


Later modeling and econometric analysis of beef supply have heavily 
relied on conventional investment demand theory as an important factor 
affecting current beef supply. According to Grilliches (1963) investment 
demand theory implies that the higher the expected price of the output 
relative to expected input price, the more will be invested. Following 
this approach, Reutlinger (1966) stipulated the following model 

(14) Sp = A, - Dy 
6G) 3) On ae ae 
* 


* 
SRO eae aane Ae aia 


slaughter, 

available supply, 

investment demand, 

desired inventory, and 
expected real price of beef. 


where: 


S 
A 
D 
x 
* 


I 
P 


Assuming that the available supplies of cows are proportional to the 
- , Cc F 
actual inventories of cows, namely A. = cl, we obtain actual beef 


supply as 


i De 


where the 8's are known functions of the parameters of the model. In 
(17) the slaughter of cows is negatively related to the expected price 
of beef. Furthermore, Reutlinger assumes that the available supplies 
of heifers will increase with the expected prices since more calves 
will be kept and less will be slaughtered. This is an important con- 
sideration since it reflects the fact that economic factors may affect 
the demographic compostion of the herd. Therefore, for heifers the 
function of A is modified to become 

(18) au egy cr cP" ~ Col. 


Solving for the amount of beef resulting from the slaughter of heifers 


we obtain 


(19) SH = y) - y,P" + YoTe 
and Y, = 65 oe Ro | 
where Oy stands for the effect of expected price P* on the demand of 
heifers as stock (asis affected by transferring heifers to the breeding herd). 
According to Reuthinger, the sign of ¥;_ 18 ambiguous and it depends 
on 64 Z Cy. Therefore as the expected price of beef increases, the 
supply of beef from slaughtered heifers will depend on whether 


investments in the breeding herd will be larger or smaller than the 


investments that take form in postponing the slaughter of calves. 


Irrespective of the problem of how price expectations are generated, 
there are a few theoretical difficulties with the Reutlinger model. 
First, relation (18) contradicts an important corellary of the 
Hildreth and Jarret model. This corellary stems from relations (1) 
and (8) which imply that the availability supply of livestock on 
hand does not depend on expected prices. Second, and more important, 
since investment in livestock inventory is a continuous process because 


there exist an immediate alternative of disinvestment (slaughter) at 


~akk 

market price, conventional investment demand theory is not a satisfactory 
framework for analyzing livestock supply. Therefore, Reutlinger's | 
assumption that an increase in the expected price of beef increases the 
demand for livestock stocks is not fully justified by conventional 


economic theory. 


Since the investment and disinvestment decisions related to the 
inventory of livestock on hand is affected by either postponing or moving 
ahead the slaughter of animals, the timing of these decisions should be 
an important variable to be dealt with. Taking such an approach, Jarvis 
(1969, 1974) was the first one to explicitly deal with the 
implications of livestock inventory as a capital asset. In this 


approach, the single animal is the focal point of analysis. In the 


Jarvis model it is the cumulative value of all products to be derived 
from the individual animal which constitutes the animal's expected income 
stream. Maximizing the stream of future profits discounted to the present 
is the objective of the cattleman. Expected discounted revenue is 
hMetted against the expected discounted costs anticipated over the 
remaining life of the animal to determine the discounted net profit 
of holding the animal as compared with selling it. An optimal decision 
implies that the appropriate moment of sale is the point in time (or 
alternatively, the age of the animal) beyond which the increase in 
' costs exceeds the gain in income stream value, all discounted to 
the present. 

Because of the theoretical and empirical importance of the Jarvis 
model, we shall take a rather detailed look at its implications. 

The net discounted value at birth for both male and female 


animals is given by the following expressions: 


gh Fel 


(20) Male VMg(A,I) = PW eTA-cI sO eT de 


* -rA _ A o-rt & C(I,t) 
(21) Female VF9(A,1) = PWe cl fo e dt+ 2, Taree 


+n tA M(I,t) e7tt dt 


where: VM(0) = net discounted value at birth of a male animal, 
VF(O) = net discounted value at birth of a female animal, 
P = P(I,A) = market price of a unit of weight of an 
animal aged (A) and fed input ration (I), 


W = W(I,A) = weight at sale of an animal aged (A) 
and fed input ration (Teles 

I = ration of feed or other inputs, 

A = age of animal at slaughter, 

r = interest rate, 

c = cost per unit of the input, 

C = C(I,t) = expected value of a calf born in period (t) 
assuming mother cow has been fed input ration (1) 
throughout its life, 

m = market price of milk, and 

M = M(I,t) = expected quantity of milk to be produced by 


a cow aged (t) and feed input ration (I). 

The value of the male animal contains two terms: (1) the selling price 
of the animal by weight for meat, and (2) the cost of the feed and other 
inputs during the animal's life. In addition to these terms, the value 
of the female animal contains: (3) the expected cumulative value of the 
calves ever to be born to this female, and her descendents and (4) the 
cumulative value of the milk to be produced. It should be noted that 
the value of calves to be born contains allowance for the value of 
future generations of calves to be born to resulting heifers, and their milk. 

If the functions (20) and (21) have a maximum and are continuously 
twice differentiable functions of A and I, the unique optimal values of 
the decision variables may be obtained by the usual method of calculus. 

Since the alternative uses of a male animal (steer) are more 
restricted than those of a female (cow), it is easier to analyze the 
theoretical implications of (20) and those of (21). 

For a steer the optimal slaughter age at any feeding rate will be 


obtained at the point in time where the increase in revenue will be equal 


= ie 


to the increased cost (inclusive of capital cost) due to keeping the 
steer a bit longer on the farm. 

Let 

(22) K(A,I) = VMp(A,I) eT + cl (eTA — 1) 
stand for the total cost of a steer slaughtered at time A and fed a 
given ration I. The first term in (22) stands for capital cost and 
the second for feeding cost. But from (20) it follows that in equilibrium 
(23) K(A,I) = PW 
a 

and these two functions are tangent to each other. This solution is 
shown in Figure l. 

For a male animal the optimal slaughter age implies that the rate 
of return from weight gain equals the rate of interest plus the ratio 


of feed cost to the animal's market value. At a lower age, the value 


of the animal's increased weight exceeds the additional costs of interest 


and feed. At a higher age, the gain in market value of the animal falls 
short of the rise in cost of feed and foregone interest. At the optimal 
slaughter age, the present discounted profit of the animal is at a maximun, 
and this is the present capital value of the animal to the cattle firm. 
Capital value at the time of marketing exceeds market value at all ages 
except the optimal slaughter age, and transactions involving younger 


animals are negotiated at the capital value. This is shown in Figure 2. 


A rise in the expected price of beef raises the value of a calf 
under all of the alternative uses and asset forms enumerated above for 
both male and female calves. It is possible, then, that as the animal 
becomes more valuable than before it will no longer be eligible, under 
the priorities of management, for sale in the market for slaughter. This 


possibility is strongly stressed by Jarvis (1974) as being the likely 
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Value 


PW 
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Fig. 1: Optimal Slaughter Age of a Steer. 
[Source: Jarvis 1969 and Iver 1971] 
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P(0) 


= = capital value per unit weight 


P(A): |= 5 market price 


Age 


Fig. 2: Capital and Market Price of a Steer. 
[Source: Iver 1971] 
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result of models (20) and (21). However, it can easily be shown (see 
Appendix to section I) that in general the above Peer per es is 

not warranted since as the price of beef increases, the capital cost 
will increase too; as the capital cost increases it is not certain 
Prat postponing slaughter is the optimal reaction of management to an 
increase in the price of beef (see Appendix to section I). 

The inclusion of capital cost as a Aa ceenene of total cost implies 
that the rate of substitution between any variable input such as feed 
and the timing of slaughter also depends on the price of beef and on 
the price of the feed ration. From (20) and assuming that the price of 
beef does not depend on its quality, we obtain that the slope of the 


iso-cost function: 


W 
di tT = = = 
(24) Sli : ( 


oa zt > Ny = ee and W stands for a given animal weight. 


fe) fa 


where W 


Assuming that W is strictly quasiconcave in A and I, the least cost 
combination of A and I to produce W given r, c and P is illustrated by 


point R in Figure 3. 

Notice that the isocost function is convex towards the origin. If 
the price of beef increases the least cost combination to produce W will 
move from R to T, since at any point (A,I) the slope of the isocost 
function increases in absolute value. This implies that as the price 
of beef increases more will be fed and the animal will be slaughtered 
at an earlier age if production is to be kept at W. This is the 
substitution effect of a change in the price of beef and shown in 
Figure 3 as a move from Ap to Al: If as a result of an increase in 
the price of beef, production increases to i, a new solution may be 


obtained at Z. Such an equilibrium implies that as price and production 


increase animals will be slaughtered at an earlier age than in R; 
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Fig. 3: Graphical Analysis of the Effects of a Change in P. 
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compare A, to Age But depending on the shapes of the isoquants and 
isocost functions, Z may occur at a point where the optimal timing 
of slaughter is larger than Ap. 

; It is therefore possible to summarize the effects of an increase 
in the price of beef on the timing of slaughter as being dependent on a 
negative substitution effect and on a positive or negative expansionary 
effect. The total effect will depend on the relative strength of 
substitution and expansion. 

When the substitution effect is stronger in absolute value than the 
expansionary effect, the short-run supply of beef will increase as price 
increases; it follows that long-run supply wiil decline. On the other 
hand, when the expansionary effect is dominant, an increase in the price 
of beef will result in an increased supply of beef in the long-run and 
a decreased supply in the short-run. 

In a similar fashion we may trace the effects of an increase in 
the price of feed -c on the derived demand for feed. It should be 
noticed that in this model the demand for feed is represented by AI 
Perea. by the product of the daily ration I times the age at which the 
animal will be slaughtered. As c increase the slope of the isocost 
function declines in absolute value at any point (1,A) resulting in a 
decrease in I and in an increase in A at the initial equilibrium level 
of W. This is illustrated in Figure 4 as a move from N to M. 

As feed becomes more expensive relative to the capital cost 
involved in postponing slaughter, the daily ration will decrease and 
the animal will be kept longer on the farm if the production level of 
W is not changed. But if the optimal production level declines to 


W the daily ration will decline further and reach a new equilibrium 


at point L. 
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Fig. 4: Graphical Analysis of the Effects of a Change inc. 
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It is quite possible that at the new equilibrium the steer will be 
kept longer than at the initial equilibrium N (See Appendix to section I) 
thereby increasing supplies in the long-run. As for the amount of feed 
demanded at L, the daily ration will decrease but the steer will be fed 
longer then at the initial equilibrium N. Therefore, if production 
declines as a result of an increase in the price of feed, the feeding 
ration will decline too but the timing of slaughter may either be advanced 
Or postponed. If it is advanced, the short-run supply of beef will 
increase and if it is postponed, the long-run supply of beef will increase, 

The model as presented in (20) and (21) may be expanded to include 
additional available inputs such as labor, different kinds of feed 
(concentrate, silage), etc. The addition of these variable inputs 
does not affect the implications of the model as they were analyzed 
above. As far as the input mix necessary to produce any desired level 
of beef at minimum cost is concerned, the usual conditions hold, namely: 

(as) dijnz--€ 

J 

where s stands for the marginal product of input j and k its price. 
It should be noticed that the above conditions hold only if the price of 
beef does not depend on its quality. Otherwise, the isocost functions 
will become non—linear. From conditions (24) and (25) together with the 
production function we may obtain the derived input demand functions. 2/ 
These functions will be homogenous of degree zero with respect to all 
input prices and output price. 

Despite the theoretical ambiguities already mentioned there are 
several conclusions that may be drawn from models (20) and (21): 


The slaughter age is greater for females than for males. 


The value at birth is greater for females than for males. 
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The optimal slaughter age for males occurs while the animal 
is still gaining weight (provided price is not affected 
by quality). 


The optimal slaughter age for females may occur after the 
animal has ceased to gain weight, because of the value of 
the expected calf and milk output. 


The response of capital values at birth to an increase in the 
beef price is positive. Moreover, the response is greater 
for females than males. 


The response of capital values at birth to an increase in 
feed prices is negative for both male and female animals. 
Moreover, the response is greater in absolute value for 
females than males, 


Change of equal proportion in both beef and feed prices does 
not change the optimal slaughter age of eigher male or female 
animals. 


The response of capital values at any age to a change in the 
beef price is positive and larger for female than male animals. 
The beef price elasticities are unity at the optimal slaughter 
ages; at lesser ages the elasticities are greater than unity 
and declining with age. 


The .response of capital values at any age to a change in feed 
prices is negative and larger in absolute value for female 
than male animals. The feed price elasticities are zero at 
the optimal slaughter ages; are negative at lesser ages; and 
decline in absolute value with age. 


The elasticity of change in capital values (at any age) to 
changes in prices of beef or feed is larger (in absolute value) 
for female than male animals. 


Change of equal proportion in both beef and feed prices induces 


change in the same proportion in the capital values of both 
male and female animals. 


Change of unequal proportions in beef and feed prices induces 

change in the structure of capital values in the herd by age 

and sex. 

Establishment of a new steady state equilibrium, following a 

disruption of beef and feed market prices, implies a change 

in the structure of capital values for the herd by age and sex. 
The theoretical analysis presented above dealt with long-run supply and 


derived demand response to external shocks with respect to a single animal, 


be it a steer, a heifer or a cow. The same theoretical ambiguities of 
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their response to external shocks will exist for all of them. These 
ambiguities are compounded when we deal with the herd instead of a single 
animal since the cattle-herd is a capital complex composed of animals 

of different ages and sex. This is a major difficulty with the Jarvis 
model since it deals with decisions concerning a single animal or a given 
sex and age cohort whereas in reality decisions are taken concerning the 
whole herd, specifically in the short-run. While in the long-run there 
are no effective restrictions on the farmer and optimal decisions 
concerning each age and sex cohort may be obtained independently, 

in the short-run it is not possible to abstract from the herd as a 
crucial component of the intertemporal aspect of livestock production. 
This is due to the fact that the elements of the livestock herds advance 
through time as a system of causal chains and the current available 
economic alternatives of each sex and age cohort is not independent of 
the state of preceeding and following agecohorts. Identities link stocks 


and flows as well as connect the inventories of successive periods. The 


breeding herd is the critical element in the system: . 


Breeding herd Breeding herd 


beginning inventory beginning inventory 
(time t + 1) (time t) 
+ Additions to the herd 


(during time t) 


Eliminations from the herd 


(during time t) 
The young animals born to the breeding herd become the initial elements 
in herd categories identified by sex and age. Animals for slaughter 


are taken from appropriate herd categories according to criteria of 


age, preparation, function, price. Investment takes the form of 
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the other hand Nerlove, Grether and Carvalho (1979) have suggested 

a contrasting approach by considering the herd as the focal point of 
interest and not explicitly dealing with the different kinds of animals 
comprising the herd. In their model, animals are differentiated only 
ee age. They assume that the cattleman maximizes profits for the whole 
period that he will stay in business - say m periods and then retire. 
In each period he must take decisions based on actual cake and on 
facts that he does not yet know for the future periods. Let the 
periods, calendar years, be numbered in ascending order backwards from 
his retirement in year m. According to age, three kinds of animals are 
recognized in this model: toy? animals born in period j which cannot 


be sold in this period; I;;, animals less than one year of age at the 


j 
beginning of period j which can be sold for slaughter at their market 
price Sine and animals over one year of age in period j. 


The objective is to maximize 
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subject to the restrictions 
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where: V(Sn50n5 Vis Cn hupen shined) = expected present value of profits 

when there are n periods to retirement, 
actual sales at time n of fed animals at price Pr? 
new animals added to the herd at time n, 
culling at time n at price q,, 
number of calves sold for slaughter at time n at price c 
capital stock at time n, consists of all animals kept 
for reproductive purposes, 
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change by a greater absolute number than the male sales. Under (3) 
a tendency may be expected for an increase in average carcass weights 
within a given herd category (but not across the entire herd) to 
accompany a rise in capital values as the market price increase. 
Disruption of equilibrium through changes in market prices alters 
both the level of capital values and relative capital values of animals 
of different sex and age. A new equilibrium Roser a new set of 
capital values. 3/ 
But there are additional factors which affect short-run behavior. 
One of the conclusions stated above concerning the herd in the long-run 
is to the effect that a rise in the beef price or a drop in the feed 
price may raise the optimal slaughter age of ever animal, making it 
worthwhile to raise them all to an older age. Yver (1971) has pointed 
out that at the industry level there are likely to be short-run con- 
straints making it difficult or impossible to fatten them all. The 
constraints tend to take the form of limitations on grazing land and 
feed supplies. Under the pressures of herd building, capital values of 
land tend to rise, as well -— or not to fall. The shadow price of land 
can be expected to rise in the short-run until land can be shifted from 
crops to grazing, as is observed to occur in Argentina. The land price 
effect is a reinforcement of the impetus to invest in (i.e., to withhold) 
the animals with the longer discounting horizons. This again favors 
retaining young females and constitutes a further reason for selling 
steers or older males. 
As we already mentioned, one limitation of the Jarvis model is that 
it deals with the single animal without considering the constraints imposed 


by the herd dynamics in maximizing income for the planning horizon. On 
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values of the uncertain variables in place of their actual values as if 
they were certain. Therefore, in the recursive maximization procedures 
just described, the problem is solved as if the cattleman knows with 
certainty the values of the future prices and then introduces the 
expectation operator where suitable. 

As Nerlove, Grethur and Carvalho show the general analytical solution 


when there are n periods left is: 


(27) S. = 811Pn ~ 812¢n - 813En(Pp-2) + Fh 
(28) Sy = -B22en + 893En(Pn-2) + B24Gan + 825Eq(Gp-1) + B26En(Cn~2) 
(29) “Vn = -B39¢, + Bay tn ten 
(30) Cy = -ByiPn + Baocn - 843En(Pp-2) - 8449n - B45En (dn-1) 
“By 6En(Cy-2) ~— 847E(Pn-1) + Tin 
The linear coefficients Bs 4 are functions of the parameters of the 
model and are independent of the variables of the model. These supply 
functions may be estimated using econometric models. Notice that these 
supply functions depend only on current prices, on expected prices and 
on current animal stocks. Input prices do not affect these functions since 
the pertinent cost functions are assumed to be quadratic which implies 
constant per unit costs. In our view, the constant per unit cost is an 
invalid assumption on theoretical grounds; we shall return to this point 
later on. 
According to equation (27), higher current prices of fed beef imply 
an increase in the supply of feeder cattle and a decrease in the number 
of calves sold for slaughter (30); but as the expected price of fed beef 
increases, the current supply feeder cattle will diminish. Also, as the 


expected price of fed beef increases, the addition of new animals to the 


herd will increase (28) and fewer calves will be sold for slaughter (30). 
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Ai stock of animals on feed at time n, 
sa (K +6 ,+Vn) 2= maintenance cost of animals in stock, 


sb (Ky-V,)2 = aging cost of animals kept in stock, 
’sd (I,,,) = cost of producing calves, 
af (Frat g-Sp-Cn~Sp) = feeding cost for animals on feed, 
6g (Fy-Sn)+ = aging cost of animals on feed, 


a@ = one period discount factor, 
BeebY (S25 8-1 » neds Cn=1:|Kn=-1sFn-152y,-7n-L)] = expected value of next 
period profits, and 
E, = expectation operator at period n. 


n 

This model is conceptually similar to the model by Hildreth and 

Jarret that was discussed earlier. It differs in its explicit objective 
function and in its emphasis on cost functions instead of production 
functions. This emphasis on cost functions imply some contradictions to the 
Jarvis model, as it will be shown later. 

The model as presented in equation (26) implies selecting in every 
period the optimal values of the variables represented by Sy,5,,V,;Cn. 
The optimal values of these decision variables depend on current revenue 
and cost and on the expected profits from the next to the current period 
up to the retirement of the cattleman. Since the objective function is 
assumed to be quadratic, the as1stions have the following properties: 
(a) they exist and are unique, (b) they may be explicitly obtained by 
the dynamic programming method, and (c) they satisfy the conditions for 
first period certainty equivalence. The dynamic programming method is 
a recursive maximization procedure starting from the period just before 
the cattleman retires. Having obtained the solution for this period, 
the problem is to solve for the next to the last period and so on, for 
as many periods as necessary for determination of the same solution when 
there are n periods left, for any n. 


It has been shown that the maximization problem, as presented in 


equation (26), satisfies all the conditions for one period certainty 


equivalence; i.e. the first period action that maximizes V is equivalent 


to the action that disregards uncertainty and maximizes V with the expected 
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One explicit result is that the expected beef price (whether of fed 
beef, of calves or of utility meat) positively affects the investment 
decision of adding animals to the herd. On the other hand, these expected 
prices affect negatively the disinvestment decisions of selling animals 
for slaughter. This result is not surprising since the assumption of 
fixed marginal costs does not allow capital costs changes due to 
product price changes. 

A second explicit result is that current prices of the different 
outputs in the model affect the supply of the various kinds of slaughtered 
animals differently. It is therefore not difficult to visualize 
situations in which, according to the level of aggregation, current 
prices may have either positive or negative effects on slaughtered beef. 
This possibility is well highlighted in Table l. 

Finally, the difficulty of conceptualizing the generation of price 
expectations should be mentioned. This difficulty is well illustrated 
by the discussion between Elam (1975) and Tryfos (1975). In most of 
the empirical research on this subject it is assumed either that current 
prices reflect expected prices, or that expected prices are generated 
by a distributed lag formulation of past prices. In contrast, 

Nerlove et. al. have been relatively successful in formulating a 
single-time-series procedure for expectation formation models generated 
_ by a quasi-rational approach. 

Summarizing this section it can be said that the capital approach 
to livestock modeling implies an interplay of expected and current prices 
at each age cohort. Expected prices affect supply through an sub- 
stitution effect and through an expansionary effect. Conventional theory 
of the firm suggest that this two effects have the same signs while the 
capital approach suggest that this effects may have opposite effects. 


Taking an approach such as in consumer demand theory, the substitution 
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Similarly as the current price of calves increases, current slaughter of 
calves will also increase (30) but as a result fewer feeder cattle will 
be supplied (27) and the new additions to the herd (28) and culling (29) 
will diminish. On the other hand, an increase in the expected price of 
calves will have the opposite effects. 

All these results seem a priori plausible but they are based, among 
other things, on the assumption of fixed per unit costs. While possible, 
from a technical point of view, this assumption implies a contradiction 
of the notion that cattle are capital goods. As was previously shown, 
treating cattle as capital goods implies a capital cost that has to 
be considered when optimal decision rules are derived. Since the cost 
of capital depends among other things, on product prices (price of calves, 
price of fed beef, etc.), per unit cost cannot be independent of product 
prices as implied by the results in equations (27) through (30). In 
other words on a theoretical basis the Bay coefficients cannot be 
considered as fixed. 

Irrespective of its theoretical deficiencies, the Nerlove et. al. model 
includes the main ingredients of a realistic model of livestock: it is 
dynamic in nature since it considers the demographic constraints inherent 
in livestock production; decisions are based on current and expected market 
_ prices of the different kinds of output and it accounts, at each point 
of time, for the economic alternatives of each age cohort. Moreover, 
it deals with all these components in an explicit fashion allowing the 
analytical derivation of quantitative hypothesis regarding the effects of 
the different current and expected prices on the investment and dis- 


investment activities related to maintaining the desired herd size. 
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Footnotes to Section I 


Production function specification and estimation in livestock has 
received considerable attention in the literature. For a concise 
summary and bibliography on the subject the reader may turn to 
Dillon (1977). Still it may be worth mentioning that recent 
developments in the theoretical analysis of the production 
function in beef have led Wilson (1976) to conclude that cattle 
feeding is constrained by appetite limitations to the rising 
average physical production portion of the production function 
(stage I of production). In this case the objective function 
should be changed to a cost function, and optimal behavior to 
cost minimization. 
The literature dealing with the derived input demand functions in 
livestock production is quite extensive. A good review on this 
subject is presented by Womack (1976). 
Equilibrium conditions will be affected by two balance identities 
for any given year: 

Heath: Se 


H=H*¥+C+X 


where H is the beginning inventory and H* is the desired herd size. 
B, S, and D stand for births, slaughter, and deaths. C and X represent 
domestic consumption and exports. Stationary equilibrium implies 


that the opening inventory is the previous year’s desired herd size. The 


and 
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which is to say, the excess of births over slaughter and deaths equals 


the number of animals in demand for local consumption and export without 
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may be separated from the expansionary effect and tested by appropriate 
econometric techniques. In the interplay of expected and current prices 
the latter is a reflection of the alternative cost facing the cattleman 
but as expected prices become functions of current prices, in practice 
it may be difficult to disentangle the substitution effect from the 
expansionary effects. <A theoretical framework to accomplish this 


has not yet been proposed. 
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Section II 
Statistical Estimates and Historical Validation 
of the U.S. Livestock Supply Model 

The theoretical approach underlying the livestock supply model is 
iistnesed in the previous section. In general, livestock may be looked 
upon as consumable capital assets. This implies that current and future 
production in the livestock sector are to be considered in the context 
of investments and disinvestments which are determined by the relationship 
of their value as a capital asset as compared to their current market 
value. Investment takes the form of retention from slaughter and 
breeding. Disinvestments appear as slaughter of animals. “Therefores 
the intertemporal aspects of livestock production and the herd dynamics 
are closely related. Underlying these relationships are the available 
production technologies, the existing and expected market conditions 
and government policies. 

Our previous analysis implies that any empirical analysis of the 
livestock sector which deals with the dynamic aspects of investments, 
disinvestments and production has to depend on the state variables 
of the system which may be looked upon as constraints and on the expected 
values of ss ok product prices. The state variables are the initial 
stocks of animals in the different herd categories. 

Since there are additional constraints that are not explicitly dealt 
with in this analysis such as buildings, equipment, machinery, etc., 
the decision variables in the model may not react instantly to a given 
change in the state variables or in the expected prices. To account for 
any delayed reaction in the decision variables due to the existence of 
the above mentioned constraints, a one year lagged decision variable was 


at times added to the specifications of the model. 
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It is only for the sake of mathematical convenience that the analysis 
is done in terms of the calf's value at birth. We could just as well 
began the analysis at anytime A < A without affecting the qualitative 
aspects of the results. 

The indeterminacy of the effects of changes in c, r, and S on AI 

is not related to the fact that the expected price of meat depends 

on its quality. This can be easily shown when all the partial 
derivatives of P are dropped. In this case the sufficient conditions 
for obtaining the "intuitive" signs of the partial derivatives of 
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A and I with respect to c, r, and P are: 
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II.l The U.S. Beef and Dairy Supply Submodel 


In this submodel, animals are classified as belonging to the breeding 
herd and those that do not belong to the breeding herd. The breeding 
herd is composed of two categories: the beef breeding herd and the 
dairy breeding herd. The underlying relation governing the relationship 


of stocks and flows for each of the breeding herds is: 


> Lee ST. ~ SL. _1 + AD,_7 
where: 
ST, = beginning stock of breeding herd, 
ope Ts slaughter of breeding herd animals during the previous period, 
AD _1 = additions to breeding herd during the previous period. 


Calves, steers and non-bred heifers are not part of the above 
balancing relations but are accounted for by the following underlying 
relation: 
where: 


HS, = beginning stock of calves, steers and heifers, 
HB, = number of calves born during period t, 


HS, = number of calves, steers and heifers slaughtered in period t, 
HD, = number of calves, steers and heifers that died in period t, 
HH, = number of male calves and heifers that were transferred 


to the breeding herds in period t. 

The specifications dealing with the additions and subtractions from the 
dairy and the beef herds are very similar in nature. They all depend 
on the beginning stocks of the pertinent herd and on some lagged function 
of the product to input price ratios. Different lagged structures were 
considered and estimated, but only the best specifications are presented. 

Similarly, the number of fed and non-fed steers and heifers slaughtered 
and the number of calves slaughtered was assumed to depend on the beginning 
stocks of calves, steers and heifers and on the relative output to input 


prices, 
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As far as expected prices are concemed, they were formulated as 
functions of current and lagged prices. 

In this section four submodels of the U.S. supply model arc presented: 
beef (including veal) and dairy, pork, poultry (including turkey) and lamb 
aa sheep (including wool production). In this section we also deal 
with the input demand functions for the feed grains (corn, sorghum, 
barley, oats and wheat, separately), hay, aR S meal and other high 
protein meals. Each of these submodels and the input demand functions 
will be presented separately with a short description of their main 
characteristics, results and historical validation. All the equations 
were estimated by the least squares method. 


In the Appendix to this section, the data and statistical properties 


of the estimated equations are presented. 
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the effects of beef prices on the capital value of cattle because the 
alternative costs of fed beef production are much higher than the alter- 
native costs of non-fed beef production. Also, because of these same 
reasons, one should expect a negative effect of a relative beef price 
geet ke on the number of calves slaughtered. 

A yield equation of milk was estimated introducing a variable 
intended to capture the effects of technological change - the percentage 
of cows supervised by the Dairy Improvement Association. This equation 
also depends on the price of milk relative to the price of corn and to 
the average number of dairy cows in the herd. Total milk production is 
then obtained from multiplying the yield per cow by the estimated average 
number of dairy cows on hand. But this approach may be subject to the 
compounded errors from the yield equation and from the dairy-cows- 
inventory equation. An alternative approach is to estimate directly 
a milk production function. Since milk production has no feedback to 
the rest of the model, the simultaneous solutions of the other endogenous 
variables are not affected by the specification of the milk production 
function. The two alternative specifications of milk production are 
presented. 

The relation between products and herds in the beef and dairy model 
are presented in the following flow chart diagram. 

Next, the equations of the model are presented and are followed by 
the historical similtaneous validation of the model. The underlying 
data and the statistical properties of the estimated equations are presented 


in the Appendix to this section. 
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Empirically, the statistical estimates of some of these equations 
seem to improve as a one year lagged dependent variable is added to the 
list of independent variables. Presumably this is a reflection of an 
adjustment mechanism related to some constraints which are not explicitly 
Reait with in this model. 

The production equations explain the amounts produced of fed beef, 
of non-fed beef and of veal. Each of SAAS SEE depend on the per- 
tinent number of sluaghtered animals and on the corresponding ratios 
of product and input prices. For given numbers of slaughtered animals, 
the estimated coefficients of the price ratios measure their effects on 
the average weight per animal slaughtered. 

The statistical estimates of the equations related to the additions 
and substraction from the dairy and the beef herds are highly eee 
between themselves. So, as the relative price of milk increases, more 
heifers are added to the dairy herd and less cows from the dairy herd 
are slaughtered. As far as the beef herd is concerned, a higher current 
relative price of meat will reduce the number of beef cows slaughtered 
requiring less additions to the herds in the short-run to substitute 
for the slaughtered beef cows in the herd. But as the increase in the 
relative price of beef is sustained for longer periods of time, not only 
less beef cows will be slaughtered but more heifers will be added to the 
beef herd. 

For cattle not belonging to the breeding herds as steers and heifers, 
the beef price effects on slaughter and production are different depending 
on whether these animals are fattened or not. If they are fattened, a 
higher current relative price of beef will increase slaughter and pro- 
duction while if they are not fattened, a higher current relative price 
of beef will reduce the number of animals slaughtered and the amount of 


none<fed meat vnroduced. This is consistent with the implications of 
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II.2 The U.S. Pork Supply Submodel 


The structure of the pork model is similar to the bee¢ model, but 
Simpler since the production lags are shorter and the range of products 
less varied. Basically, there are two sources of pork production: 

1) From the commercial herds and 2) from the breeding herds. The 
commercial herds are mostly a result of hybrids of pure breds raised in 
breeding farms. 

At the breeding herd level, investments and disinvestments decisions 
concern the further breeding of sows or their slaughter. The basic 


identity relating animals stocks and flows in the breeding herd is: 


Bie ord. _ ofB B 
ST. ST yo SL. + AD, 
where: 
STe = stock of breeding herd at the end of year t, 
B 


SL, = slaughter of sows during year t, 
ape = additions to the breeding herd in year t. 
On the other hand, in the commercial herds, the basic identity relating 


« 


animal stocks and flows is: 
Str = sto + NB, - SL = ap? 
where: 
ST, = stock of commercial herd at the end of year = 
NB, = newly born pigs during year t, 
Bh = barrow and gilts slaughtered during year t. 

As in the case of beef and dairy, the specification of the slaughter 
and the additions to the breeding herd equations depend on the beginning 
levels of the pertinent stocks of animals and on the ratios of product 
to input prices. But, unlike the case in beef, the fimction explaining 


the number of newly born pigs depends not only on the number of hogs in 


the breeding herd but also on the profitability of raising pigs as 


=~ Ao 
represented by the ratio of product to input prices. This is probably 
due to shorter gestation period and to the possibility to control the 
number of sows that are actually bred. 

Similar to our results in the beef and dairy model an increase in 
ene moving average of the price of pork relative to the price of corn 
will result in more pigs being added to the breeding herd and less sows, 
barrows and gilts being slaughtered. This implies that the breeding herd 
is regarded as capital and additions and subtractions from it, as 
investments and disinvestments. 3 

Once slaughter is determined, pork production is obtained allowing 
relative prices to affect weight. 

Finally, an ending stock of pork equation was estimated showing 
the effects of availability supplies and of price changes. 

The relation between herd equation and end products in the pork 
model is illustrated in the following flow chart diagram. Next, the 
pork model is presented and its historical simultaneous validation shown, 
The data and the statistical characteristics of the estimated equations 


are presented in the Appendix to this section. 


= 83 = 


pisy dJuppasag 


Jaq ysne[s 


uot yonpoid 
440d 


Aaqysneys 


S3172 pue 
sMOollIeg 


T2POW 440d °S°N YL 


doid s3qq 


em ee 8 Ce SS, ee — — 
FO gu 00 eae te cree: - - 


uhasola@Snovur(GqIIld@= "FISD de (UGDTam*TIVCT")WS90H @ WEIOH 


THUY A NO SYOH BIWVLINNWH JO HIARHON 


CCbedovenyas CIM) ILuadvAeOVMUVa/ WLnddvG) ¥Z209n° ne( pe) CAHENaFF6SIS OF HSIOHVELIS°TE4494° CEG" @ TaHUudd 


tl 


tunog 40 BCwIOIG HNIQn? 


Cho) LLaVuDa¥ VECO, OFF) HduOI/ (TH) WLudOVEHIIGP OVE (GHIVACEHMONeS toon d amzsLv°osyt= & LigVnOd 


INOTLINGONYG WHNd 


IDI AP ONEEL OFHVMHV AS ILHADVOYZT 19S UMELHNGY99SOS® SK od WEYOHF IIT UF 1GIg 02 we oueva 


8s 


CANZHZILHING IS BaATI9 ONY BuOunvaA 


12) ddh0I/ (19) DhndDVEVeLoon’ FOL aHNOsdeh£90°S4(T9) HANEYOH" E6494 °h40669°2) & 399d 


th 


809I¢d NHOW AMIN 40 HIGWNN 


UAISOT At OnnNG-(F-)UBNSOOH & YANGIOH 


tf 


61 920 "@wuvs NO C90n ONIGIIWA 40 HIAWNN 


AdHOI/ILndOVOSZLILLO*EnMUSeMYVOOT’ bemdHndehyss°O=( to DHANBDOHVOSGSEL°OMASILE°O @ uAIe9la 


8? 


(du3h YNIOIIVA OF UIGNY BAld 


(C09) ddu097 CV) DendoVae sdy0I/ ILnddva) es tol” N= Di dwhuhae99SZh°S4 3%) yANCDOH¥9IIOD Vekison 2 @ BYMNG 


Cans 20 H2iwINVTE 


C96T~-0G6) “te 

"890m ONIT329N8 JO NOLLINE dada VAVO ung AHHNG 

CAV Ww 9S 994M COvzHVD “SiUNdnt “WuNe 

An32uad 9801 wliv30 tGDlad 

wHs% "JZAVH 29H ATHNUM YQvAIAV TYNNNY 

O@umHIo “Tenses °FIAVEUVA AHWNO 

O8uIHLO "Segged “JIAVEWVA AnHNG 

NA7E "SN da8S-§I0 "GNaAnuVs AM NZALIIZe 29ENa BAY *Nan? 
An97E "CAIWAVH NIAIE °I9Tud “VL VID UNV SwONUVA 


Rie 


UVIH TH “en fBIguaNyTs “Sn08 

Sad Jin “SN “gnI04S ONTGNZ *4H0e 

Sul VhH “ON °° bm SEvIWVI “ATdane “Hu0d 

Sat Vin “ON “FP km GSvInv> “HUTLINGOHG “wHOE 

UV3H VIW "ON3H ONTGIINVY OL DI0uUV $9le 

GQviw Ww °Sn Saund *89Ta 

Qvin Wn $9 °F 990 “SHUvs NO YaAWNN “ONEGIaNA °890H 
Qv3aH Vn 'SN “sHavs nO MIANNN “LINGVW *S90H 

UV3IH TEN SutasiHolvis BAIED UNG GHONAVE 


enotivnns 


STawnnid 
l41wH0d 
aa%ld 
AVeHVd 
hawna 
Ciwnd 
_ 440) 
d4¥GIV9 
tenon 290N_a 


Gyno’ 
tinnod 
Lisvnud 
lidvynd 
HAIG 
9995 d 
HANBDTOH 
WBNOH 
Suva 
(ENON DONG 


CNOTAVHV1990 IWAHAR 


wHOd €793900wW 


ALVINWIS = 4 
WNLov ot n 

AWVN 31VOS TOEWAS 

6/61 OL 9S6I :SGNNOG SWIL 


¢ 


186) 


126) 


996] 956] 
Sho 


» 85 -~ 


NONZSOGNA — 


a ' 


SHOVE 
: TLIO NO 


As 


unl ewe Ww oe Cw? (+ =e ' »ivoh Aa ~ 
1 G2Ti2°h , OnEzik : Ston°oL ' 2090°9L 1 re 1 
1 ntetol*o 1 Si0Gg0n’u 1 the2°9L 1 Toly°sl 1 NV IW 1 
[enaszerrzetatace [sees ee estore ras eer aaarczeresesal esesA arose aaa | Seekers sates! 
1 UwzId  BIVINWIS ft M37 9ILVINWIS | AiLVINWIs t Twnady | ! 


PSCRSSTELTAAOSIOCoSR [ SRSSEM TAL AATAKA] eATeK eK Te eat asa | RECHARRaK ta Ages | ASA MRKeATARRAE! 


SNONIDSOONI = SyOVA 


FIAVIYVA AM LNdtno NOTAVINWIE Yods GOTISIIVIG 


Pee ee meres leer ee] Bae ACR To K zeae | RUCK IAT HsSEsKara | esse Feaszelarze2at | Ssegtanesaaaeen 


Ya” gLVInWIs 


FLV INWI 


Ivnidy 


| 


1 
T T9TS0*to 1 2niseq°o= tine’ tea 1 422°n@ | 6lot | 
} L25S° 3 1 cLeelde’a@ £006°0" e7sg°2l 1 916} ! 
1 22h0S"’g 1 660¢2°9 9on bd $92°CL \ 416% 1 
1 gnl9o°te= 1 JOreg’ se 60°69 4°od ! 9161 1! 
1 tVoTtotz ! stzzc’u 7299°69 £92°S9 ' $lol ! 
1 ¢95n9°2 1° 99920°2 LO¢9°@L n09°9L 1 nlel 
1 S2st29°0 1 60f52f9°0 ghngt°’ee 265°el 1 £16} ! 
1 61Lf2°¢° 1 nouwgs*e= V9gf° Le 16°6d 1 2lol ! 
1 €t2SS"Se 1! 2tSt6°n= ols6o°fu 49e°o@ 1 1Lel 1 
1 494222°0 1 S0S022°0 Ghs0*Tw ngy°ow 1 O16} 1 
1 99S6f°2 1 GShuSe") $145°04 t24°od 1 696) 1 
| 2otst°te= 1 @S9126°0= Lot’ od e2¢°o 1 9961 1 
| tiS9l 2 t <90¢t°2 9nel°bs ngo°ad 1 L491 1 
1 60202°2 t @6S59u"5 £26°04 £50°69 \ 9961 | 
1 640Sh° T= 1 gt920°t= pHIE’69 Sng°od | S961 ! 
1 ¢o0Sn°¢= tT $9024°%e= n9tb°9L éfu°ud J n96I 1 
1 €8L24S°h= i {ot9°t= 41490°S4 405°6L 1 £961 ! 
1 4€59L0°08 1 2120S0°0° ¥606°SL ¥S0°9L 1 2961 ! 
1 Laeo*t 1 “£496fn") £69090°9L 969° 1 1961 1 
1 T49eL" t= 1 sesec°te L918 °S4 H9°9L 1 0961 1 
| 94Sn0°2= 1 wtwtg°le 9O9n° LL BOl°od 1 6561 1 
1 no260'’s 1 Sfens’t £206°2L 46°69 1 9Se6} 1 
1 ¢eese't | Leon's 4f26°Vae bT9°OL 1 LSot 1 
| bin’ 1! weose’se 4509°2L €96°SL 1 9561 1 


BNONIDOAGNA = gyXOvaA 


Janszecettes2a2g zal Mees ATT Kare | RAABAAARcRasrcaess | eAESBnac star zeze | Ces gteaesessese | 


HAIG ILVUWIWIS J 
J RSRLESRAe AK eEATe | SERARASTARH Cee ABl] AATARATSSCKEC ats] SRA aeIAHARaASll KaAeRAraescressa | 


! 


AVGVIYVA AG ANdlnO NOTIvNwis 


ALV NWIS 1+ 
WNLOV 1+ D 


AWVN 39S TOAWAS 
626) OL 9S6) ‘SGNNO ANIL 


¢ 


86) 9/6) IZ6) 996 | 


1o6) 


28 BF 


fa; = 


8° 8S 


8 89 


t Zneovt wa T tkiwo-e 


1 beoeL-t t W9E9E!NTH 1 
tT $S9S2"h 1 d2Lh0°e 1 Sfti°6n 1 TE9 tot 1 
1 95199S°0 1 Lo@o61°0 1 L£60 "bn ! 8266 °H" 1 Nv3w 1 
[eesrecelesaetsesazsa] Sees ec erases escel eesszraensazeresal[ wesesecesSazasst | Haestseseaescee | 
1 wsadag aLVINWIS 1 N37 glv Innis 3 ILVINWIS t TIwnidv 1 ! 


J SSeS SSSSeslasess] SST AS SEL SL SSSSlAl{ Lass tessscexzeelas] esEsIrasstiagsersr | eeeetexzssecaecen| 
SNONISOGNA © wS90H 


JIAVIGVA AM ANdLNO NOLLV INNIS Hod BITISIIVIB 


[eerezacrnessress | eLaT eas ORRasesrs {ees se ase resesstal aeSeR age eaanest | RRsgesessesR228} 


t L2etel°2e 1 Sé6sz2°te 1 1San’9s 669°LS | olet ! 
1 Inlss°e 1 b196N°h 1 nino°ts 1$4°0S 1 let 1 
1 69902°L t LuSn°s 1 L06k TS t 9f6°4n J Llot ! 
1 60910°g 1 e£eon°t 1 £S5y9°0S ¥26°9R 1 9161 ! 
| prog’ Oo 1 weeude°oe e22¢°tn t £69°S ' Slot ! 
t 2e2n6°h ' Stucec’e 1 227960 nog°an 1 nlol t 
b+ 9909R°T 1 214296 °0 1 £9460°2S 1 oun*2s ' £161 ! 
| VelL0°fo= t £5S2ns°0e ! nn2n°on ! 49¢°0S 1! 2161 1 
1 6v60n°Le 1 £9966°%° 1 £0n6°on ! 4f6°ECS ! tLot 1 
<0 1 sttog’2= 1 of92¢°I° J 9£IE°9OS n9°eS : 6161 1 
4 1 holeS*t $ tenor ee 1 21S50°0S ! 4Gu°Lh 1 6%) 1 
1 LoSs0°2 1 eOnfo's { olot’2s 1 4o£°sS 1 H9al ! 
fs wl lo2 t 1 tkes29°0 1 64$92°0S 1 2¢9°6H 1 L961 1 
1 ouSer’s 1 19°45 ! Ti0°ou ' 29¢° pn 1 9961 1 
1 '9u259°0 1 gizogg’u I 4559°2h t bHe°en 1 S961 1 
1 £S96°¢@ 1 66006°t" 1 60°99 ! he’ 1 n96t ! 
1 nStin’te= 1 9ET0RE° UR 1 o29t°2s 1 khe°eS 1 £96] 1 
1 gifoe’¢ge 1 $5920°t= 1 Soto Ln ! 999°oh 1 2961 ! 
1 ISL6°t~ 1 166556°0@ 1 Ynn° Ln t c0n°’gh 1! 1961 ! 
1 221n16°0 1 649n2n°0 t 6Sni°an 1 L16°9h 1 0961 | 
1 2280f%s= 1 Ltese°e= 1 w2oo°en ! enz°os ! 6561 ! 
1 Tte9n'he $ 90091°2= 1 of@t°9n ! mhe an 1 GSe6t ! 
1 90S599°F 1 THlo02.°u t nLii° <n | n09°¢eh 1 LSal i 
1 gohIS’s 1 onzyo'n 1 SOgh’ on 1 ifn’dh t 9G41 ! 
PSSSBSSFISA 535852] SPSS RTASLORLSISS | LAIMSeTeessscela] asOaseasslSeeagels= [Ske y_sseqsaese2ea f 
1 usa” 3ivInnis 3 43” 3iVInwAs J AV Inwié ! Iwnidy 1 
4 


STEERS Aesrslese ll ssAserasrHgeassesr fl eclasesensszesntelsllntereersieraes= | eRXegeece-zasszen! 
SiONID00N3 = wS9OH 


31WaViNVA Aa ANdINO NoOTiviNKIé 


Eat k ee 


186) 


9/8] 


ALV INNIS \# 
WALIV lt 0 


JWVN 31V9OS TIOSWAS 
6/61) OL 9S6I :SGNNOd AWIL 


¢ 


} 
| 


1261 996 | 


198) gs6RO 2 


90 - 


Ee ee oe a a 
t LIV6St’s 


t+ g2nat's 
1 ££6926°0 


T 
t 
\ 


2SL£9n°" 
v224Gn7°0 
90£7S0°0 


ee ee tt ee ee es ee 


1 wkkten"o 
t %926Ge8"@ 
| 65628°A 


1 fv2eIqe°o 
t e80Se°v 
! weser’s 


Aza°*als 
RWH 
Nv dW 


i} 
1 


! 


J SSAROSTSASAOKleAsl] SLOCRASAIATTAROAS | CAASRBTSAERSIoIKl sass eanateraser | Reg tareszexcles] 


| sda” aLvInWIS 3 


J RRScVseScessssessl] eBtaac eS Sseessazzleesewassseesesls2 | aeszrkaesslecraeas | asgterzeesoxexn ! 


RARSLECKRsIcSeER l SAEASAT KOLA GeSI35 | eRSKTRIAERAREKES | cesaelenrslaasess | SaageseeesaseRrs 


1 

1 Lbh9osS*he 
1 Lx9g6°2e 
1 p29gt’n 
[ sectra sk 
f ~"2coL+9 
1 268£9%2 
1 Onnto°’¢ 
1 ¢0Sef"s 
1 Looel*e 
1 61289°¢e 
1 woton’¢ 
1 Job6ul*2e 
1 20eSiT°Oe 
1 Zo2at*t 
1 

J 

1 

1 
1 
1 
1 
1 
1 
1 


LLOMV"2 
16690°S@ 
2124920°0 
w50S'°¢ 
6o0n16°¢ 
heoge*L 
S00gL*s= 
eSif’ote 
C99EL°L@ 


——8 e868 e868 = @ oO =8 =O SO @E8 28 OR 8 @§8 ODS ©S OS OE 2S —O © CO oO OB <9 


ya” 3LVINWIS 


G2LOnn°u= 
6f0292°0" 
2uasse 0 
960n95°0 
Lofets'o 
66n64 0 
Gttyo2°0 
4999n°0 
G986fL°0 
£9SSt° 02 
GLOvtE°O 
S9¢n9! 0 
CuSutu°ve 
pnof04°O 
@2LluGn°v 
G9feLI°O 
2nt29on°0@ 
@Sf£200°0 
L9T60¢°O 
6S29¢¢°0 
7£9£09°0 
248555 °0" 
29220°t= 
6Efn69"°V= 


| 3LV 1NWIS 


1 VwnLov 


SNONIIOQN] 


7 


* wAnB90H 


! 


JIAVIeBVA AB LNdiNO NOTAVWWIS dod SOTISLIIVIS 


1 Lente’s6 
Yu22k°6 
886S6°A 

1S62.S8°@ 
n9g0°@ 
66feS°L 
13999°9 
L£9910°6 
Lutt2°6 
L££692°6 
70210S°6 
vilo2°6b 
znS.t°o 
160S96°A 
£4n29°9 
Lsece’a 
990S59°R 
9L TCA ’S 
L£1206°A 
925260°R 
£9490°O 
CéhSHl°s 
G£068n°R 
9969L°@ 


es82esg e@eeaesge oe egaeaseg ese SOBs ee Vase ee oS aoe oS aoe CO] a8 oe ag oo 


£S9°o 
&09°6 
"09° 
b10°u 
vLg°4 
oecrd 
$09°9 
$9°¥ 
Sin°@ 
$n9°6 
601°6 
éln°o 
FQ1°6 
€99°9 
b22°a 
991°8 
411 °%6 
o2u’v 
¥6S°@ 
69S°@ 
ng2e°s 
bud°o 
tfo°os 
"9n°o 


e@8 SBS @O oe oO oO oB@ oe 28 e288 oS 98 O28 oe 268 oO @8 2 2 oe ow oo oS = 


eS eg oO 2 28 2S 2S S28 S98 oR oe SH SR aoe oS ow oP eo OS eo 22 owe os os 


6161 
Glotl 
Lleol 
9lol 
Slol 
nlel 
tlol 
2l6l 
blot 
Ol6t 
6961 
8967 
L%al 
9961 
S%1 
n96t 
£9ot 
2961 
196! 
0961 
oSol 
Sal 
LSet 
9561 


| 
! 
t 
1 
! 
! 
! 
t 
I 
1 
! 
1 
! 
1 
! 
! 
1 
! 
! 
| 
1 
1 
I 
! 
I 


J SRSSESTAS eH zTSIB | RAAOATACRIGRASS2 | SSH eS es eTSeeSsES | SERB taxseonenea® | ESegtaseessse2s} 


1 Yad” 3lvINWIs 1 
| RERAARTSK SHAVES sl RRAAHRSAITACLSSAT | SSSCgAsexssasnsa | ewUe*eawaztresras | CAF _gkReezezVecas / 


ya” aLvINWIS 


1 Jav inwis 


; Vwnloy 


SNONIDOGNS © AANBONNH 


! 


S1VAVIYVA AG iNdino NOTLV INWIS 


ALVINNIS 
AWALOV 


\# 

\# z 
AWYN SIWOS IOSWAS 

6261 OL 9SG6I 


¢ 


*SGNNOd SAWIL 
1861 


1261 


996 |} 


LPOE 956} 92 


- 91 - 


“98I 


a ae 


ee t oe ee ee ee Se a ee RT x 


t ISLITE | OoScE*s t+ 92eeS°S v £+46°9 1 aso°aas ie 
1 2v9S9'¢ ! esege £ q ££49°06 ? nihe°ob t SwWwu 1 
1 469059°0 ! 9UToTn°O H n80S"06 ! £6R0°U6 ‘ NV3W 1 
J SLSSATARZAIALEAB] eer ass EI acswsae ll aALeL eH exrVEslelal est*e3naeslssces=|ese_rsrzeazse#as | 
1 Y3sId~ FLV INWIS 1 Ya” 3LVInWIS 3 Fav NwIs ' Iwniov 1 ' 


[RASS SASK eS IAsEl] SASSI AAAI egs2Az] RETRAarIMeRslal sl eeFsEaagartawgesas[ Ksnglrasea7VK89] 
SNON39O0NS © 989Ta 


JIGVIYVA AD LNdino NOTIvVINWIS Yod SOTASIIVIS 


[RSARUaIHewEnsase] SSRAKTETAAAAELES | GRSASSESESAKKSRa | astVelgnusiauauast / ReagkerceeesReAs 


1 
1 12L40° he t Leoi°n= 1 £261l°R6 if 996°20) 1 6lot ! 
1 tL492°L 1! Ltsen°9 1 2698" tro 1 2hn° ee 1 BL6t 1 
t 2ntnocg + £0490°9 1 622°26 1 2914°98 1 Llot ! 
1 2st’ { otndn’s 1 16909°Le S6¢°n@ ! 9161 ! 
1 o60SHl°¢ t 1569°2 1 itee°fe ’ yatcud 1 Slot 1 
1 9680S*°h $ 66514" 1 2S°le nne°e@ t nlot t 
1 99696°2 1 eSnk9°e 1! 9L5L°06 i21°9@ ! Slot ! 
1 201296°0 1 @501768°0 t fegh’ te n15°06 ! ZLot f 
1 £9tno°Ze 1 StSov°’9= 1 S820°t6 126°L6 ! tol ! 
1 Sl9n°¢e@ 1! £6925°¢= tLyi’Re ! OTL VO5 | Olat ! 
+ ThI92"b 1 eSelc’s t 9nNGh°26 ! 919°8O 1 696) ! 
1 SS9TSE°O@ t Tigk°0e 1 6f28°f6 ! SS1°N6 H 896! ! 
1 946S52°3 1 Sensis 1 £229 °26 ! ¥99°%6 1 196) ! 
1 61Sn0%¢ ! 99499°2 1 4042°06 ! £09°L8 1 9961 ! 
| €4690°3 ! btSsln°s 1 S9IIn° Ow boo°vl 1 $961 ! 
1 9S99£L°he { @S9nt°ne ! nlot’ce pns°2e J n96t 
1 Lnts0°¢ge 1 S€nfte°e= 1 9tz2°Te t 950°N6 1! £96) ! 
1 6nont*te= 1 209240°te 1 296°26 v09°E6 1 2961 t 
1 79966°O 1 24269n°u 1 £941 °f6 t £14°26 1 196} ! 
1 wndno{t 1 96414") 1 £6 °6e 1 912° 8H ! 096) ! 
1 22tel*te@ 1 Snodz*oe 1 929° L6 ! S6£°66 1 6S61 ? 
1 voste2'o 1 9b2ut2'0 +) 3=6ehgd* £6 t EESG°f6 1 Sal 1 
1 298n0°%2e 1 2lon.* se £246°Swy 1! €9¢°1498 LSol t 
1 2642416°0# 1 60L02y°0- 1 £509°@9 if 92°68 1 9661 ? 
Ja2tsee: SSSSS Sense Sees ec AL HSRC AA eslzereasessczsatalseaersexrstesgera2t] *Raegrexrerneee2zs! 
1 uaa” aLvVInWISs ft Ya alVVWwis 3 ApvInNWIs t Vwniv 1 ! 


J SSRATSSSASSSL SSS] SLSLTSTMORMSSILT | MPSHC ES SL SRST ELS] AVAKEVAS IIe alse | €AAge kere szasseze} 


SNOWAINOINA = J89Ta 


JVWVINVA A ANdind NOTLVINKIS 


3LVAINWIS 
WNALOV 


i+ 

1# o 
AWVN 3IVIS TOGWAS 
6/61} OL OSB) 


¢ 


*SGNNOS SAWIL 
. +86) 


9/6 | 


196) 


gse? 


ay Gh ee 


Bs @ 
oa 


by 
SNONAO ONS ~ Yssasota 


c NU G A 


aon 


ee 


—<——— SSS SSS SS SS SS SS SS SS a ee eee eee eae ee i ee ee 


a 


t= °e2nwve* 2 tT e6eS2z2s"0o 1 9£S5096°0 T nosis 1 Aaa" a:18 1 
1 g6ne°L 1 ££S9TS°O 1 detwo°9 1 6099°9 ' RWu 1 
1 &hitol*o 1 £SFL00°0 1 Sv04S°9 1 6ht95°9 1 Nv9W 1 
J eSazteaetagei sea ez Seer ese As aesarsst lass atarsereeatase lee etereal assess | eaegkseesnaseee | 
1 Yad” aLVWIWIS 1 Ys slVINHIS 1 JLV Winls : Tvnidy 1 


PRSSePRSawsl oe sARl] ACSF EAATELAAESLA] BIIAK ZETA SSSE SSS oVensazszslecrazes|[ eteg_gRengcaresec | 


SHONSSOUNS = YAASITa 


1 
1 
J 
1 
1 
J 
I 
J 
J 
| 
1 
J 
I 
J 
1 
1 
| 
J 
J 
J 
I 
J 
1 


eu29f°¢@ 
ulno°ti@ 
£96%h°S= 
IS2o°2h 
640n0°S 
guogu’2 
Cnv9a8'9 
91f00'¢ 
6a2L"ol 
Letes*2e 
6009n°g 
an9nd°2 
Setal*te 
9990£°g= 
ya9Zt tb 
£S¢S5G°0" 
g2928°¢@= 
L£117SS6"0 
22608" 
9f0016°0= 
Cv0°Os 
6n6£2°9= 
vauvu6"0 
olol*si@ 


ese -@ =8 =9@ =98 8 oF oO = @ @@ =98 2S @— 2S 9 oF @=9 =O @=9 oS =98 9 oD oD 


608Sfh°u= 
£99699 °0= 
TS2o0¢ "ue 
861509°0 
L2tefte°o 
O06 °O 
vi£09E 0 
6264502°0 
oL160°4 
9o24a1°U" 
gucv0g'O 
1979L5°0 
S0h021°Us 
ASNOLS°0e 
7uls9e°0 
T0gVS0°u= 
2Londed*ue 
fHO2cLo’u 
9nSSSE 0 
9SL1L0°02 
GLOETL°0 
htlwis*oe 
8L0Sl0°0 
£8nSy te 


ee e868 28 @8 @6 28 os oS @S8 oe OO SS oo OS OS C8 @O oO oe os oS OR oS oD 


IVWvVIYVA AG Liiddnu NOLAVINWIB Nod BITIGILVIS 


‘ 


oif£an’s 
hingd’s 
SL09n°S 
v2oe'S 
£1296°h 
ryn’s 
1£609°S 
Coetsye°9 
wlt9°9 
L9nh°9 
82916°9 
9n109°9 
655£9°9 
nolor’9 
Qbenn’9 
290S°9 
cosed*s 
esgl°l 
SGyQnl°L 


reeiaed 


RohoOl*L 
Les2et°Z 
nosel°sZ 
Litgi°s 


J 
t 
t 
t 
\ 
1 
1 
t 
t 
\ 
\ 
J 
' 
\ 
u 
U 
, 
| 
t 
! 
! 
1 


616°S 
nle°S 

i2°s 
499°nr 
beL°h 
S92°S 
one’s 

10°¢4 

26°S 
nE9°9 
#90°9 
ben°9 
€s.°9 
116°9 
S14°9 
19S9°9 

96°L 
€99°% 
for°d 
SOn°L 
te0°d 

e°s 

G9°L 
602°6 


ep <8 8 28 SO 8G a oe os ae = oe oe a oe os oe we oe oe oe Oo oo ow 


olot 
Glol 
Llol 
916T 
Slot 
hlel 
t/ol 
2lol 
tlotl 
Ol6t 
69671 
0%, J 
L961 
99061 
S961 
n96] 
£961 
2961 
19ot 
0961 
6S61 
eSel 
LSet 
9Soe! 


Daeauundesaaaenel RERARSERRSRSE RNG ERORRAAARARSLADE | EAEA ERO Eee el nn en ae eT 


8-8 8 8 <8 9 ee <8 8 a 8 ee a8 9 <8 or oe oe 8 oe oe ow ow oo 


J RESSISTAAATAISeR[ BAASISHLScoAAcCeVg |] BAABLSTTIASILEKEsZ] SISBET gas eecessxcl|eeewkaneseeweezs] 


Y3Id Fiv WiwIS f 


| SSSSLSLELSICSIIA MSCS SCHLTELAATIAS | CAILLAT acResnslaks lf seEKKe ass Sass eF | IKK Car sesezex} 


wa” azivinwis 


! 


FLV WwWIs 


1! 


TIwniov 


' 


SNONIONGNA = HAIEIT a 


1 


31VaVINVA Ag LNdino Nalivinwis 


ALVINWIS 14 : 
WNLOV IF nD 
AWVN 39S TOEWAS 


6261 OL 9S6I *SONNOd AWIL 


gs6? |i 


8’ rh 


ane SE aN a eh ae Bites rol 


-OIX 


ee eee ee ee ee ee na SS — ee 
1 99ne9"s t 8£6 "00S 1 fvus"iee v 194 °2ko v Azacais.y 
1 2ne09°¢ I 6fL°S6n 1 2°srort 6 c°edery = Swe 1 
1 tTL5959°0 J L129°22 1 A°Tr6at 1 2°ofurt 1 tvIw 1 
PesexPerieelazszasl eeasssatszeersa2 | eeresezenssestateal eeBeFeasakasaeRs | Sao e Re aarzaRAxrss | 
| Madd alvInWIS f YaTalvInHIs 1 JavinwIs ! VWwNLIV t ! 


= SO5ee 


[ PESTS SL asl sess3] SVSSSVTORLELSSRA] SAAAARSSLSSHSKTA] SSlKlsa gs easeesl[ lesa BeacwaaVeweszl 
SNONAYNGNZ © LLavVuNd 


JIAVIUVA AG LNdsno NOLL VINHIG Hod SITISIIVIE 


[REPUTE TBeslesessl] RERK AAT TAAARESE [RSM STaAAsVeeewrasel eesskeguslasevex= | eesgeeeuseos2e2n | 


1 tolSi*t= 1 209° tLe= ! h° Acts) 1 *uSnSI t 616% 1 
1 gnest’e? 1 Gn°olst t b°2tsnt 1 "Cosel 1 816} 1 
1 ¢£99)%% ; n2e ons ' 6°9otnt ! *zn2et 1 Llot 1! 
1 ntk606°02 1 €64°921"= 1 2°t9S2t 1 *Bax2) 1 9161 ! 
1 _2isot’s t Ghi Y6E t T°’satet t “olitt 1 Slot ! 
1 9tSel°’te= 1 ge °69Ie J 2°totnt ! *iEEhs 1 lot { 
1 L9etey 1! ShI° bos 1 T’nueet 1 "E224 5 flel 1! 
| 9tle9°te@ ' 219° nfe= 1 g°letnt ! *22nbt ! Z2l63 ! 
1 Te6ek°S= 1 £19°29¢g@ J h°Entst 1 *9009} 1 lol 1 
1 106490°2 1 CEng 1 T°s00St ! *o69n] 1 0161 ! 
1 tnlt9°2 1 069°SLE 1 4°o2ont ft "stent 1 6961 J 
1 519S2S°0 1 goe°9L 1 £°losSul t *sisnt ! vet ! 
t one’s 1 Elv°OLl2 1 G*tonnt 3 “sins L961 1 
T tOngoe°T ! nlo'£S2 1 6°tsout ft *yocet of 9961 ! 
1 n010°2= 1 616°9S2e" 1 T’neset 1 nS a | ! S96t ! 
1 2@n€2e°’sSe ! 20n°2Se° 1 9°OnLkt 1 *woShI 1 n96t 1 
1 ¢€S50nI°¢a 1 91¢°9Gne 1 L°9t0nt 1 "font t £961 
1 ¢¢2S26°0 t ¥60°62) 1 V°2HOnt ! *¢So€l 1 2961 1 
1 @26$2°¢ 1 Sou Ut 1 6°2o00nI 1 "ghots 1 196) ! 
1 919601 %0e t Gztu°02= 1 2°nvenl ! *S06ott 1 0961 | 
1 24LLtnt*oe Si99°ote@ 1 €°Gunnt 1 "ulGhy 1 6S61 1 
1 ¢elsl’9 1 wht’ 9Sy t ¢°oesel t *¥1921 1 uSel ! 
1 AgSilL’t nee’ote 1! "2n0El *d2y2) 1 LSet | 
| geun.9’¢ge 1 sac’ Loge 1 L°%62E1 UE 1 9Got ! 
PSSeessrtsceSeeeer] Seer szaetexerese2f[essecrerwmeestatal wmessEerseltarzess]eeseatees2eszez2en} 
1 Ysa sLvVInWIS ft H3°3LVInWwIsS ft JLVINeTS ! TwnNLIy | ' 
PSSSsSSSERslSssses] SAISSLAISISAAA SISK [ RAISSRCeISSazsraIal SRBsSgseslseare=j Letter arexen2zeg} 


SNONIDNNUNG @© LLaVvund 


JSTQAVIYVA AA ANdiNO NoOTiv wis 


ALVINWIS It , 
Nov o1# so 
AWN 31V9S OGWAS 


626) OL 9S6} *SGNNOd AWIL 


186) 


- 97 - 


oB1X 


~ 15 


a a tt a 
a a = = 


[' SwSao°E ' wz9"- Os 1 2-249 v LO~ototr 


1 S2609°¢ i Benb°n2s 1 4°99Sn1 . *99SnI H aay 1 
1 94609°0 i €2L6°09 1 L°tnsnt t L°idnnt 1 Nv aH 1 
| B2eSPEl oasis raze] SSE eaeIssszseeszzl| aazaseresexrelals lf aeteserestecuseas | esreetsecerec2sem | 
1 UYsaIag SLvMWwIs ft Ya”TILVINWIS ft a,vinwis ! Twnhdiyv 1 ! 


f SVASRSASRSA[SIUKS {SSK RSASKSVaSELSE | SARLAASTASTSLE SSS] SSSVBeccaelesozsIsz i keeglareaeweexessaq- 
SNON3N0QNI = dl gvund 


JIAVIGVA AQ ANdinn NOLTLVINNIG Hod BITISTLVIC 


PeztaRSsr tari elaxme2 [SSA TKTAl AAAS AT3A [Sela aVIKERzIaSa ] eAWR2aareCencenz | eeegktaesengasexza] 


| 90S5£%te@ 1 990°ET2= 1 6°LL6S1 t "16594 ' 6lot ! 
1 95689°9 t Lo°ez2t 1 *Loest ! "nlont \ Qlat 1! 
1} foneo’Z 1 n194° N86 1 L°2eent t *BOREI ! Llot ! 
1 9t2tn’te= 1 966° tobe ' *Hient ! "9g0n¢ i 1 9L6t ! 
1 ssSee°2 t Sly LSet 1 6°eLecl ! "o2G25 ! Slot 1 
1 20btl*te@ t Gle°HIle 1 L°9f6nt ! *SOigt 1 nlol 1 
1 626%2e°T 661 °SLI 1 2°entnt = ft "vloct 1 Flat ! 
1 [ESET °ee ! gun’ 92g s°s96nt t *N62G)5 1 2161 1 
1 S$2S9%°S@ 1 nan’s06@ t G°tf£ost ! "uteot { tLol ! 
1 ¢4a2ze2°2 ' £99 ine 1 6°todst ' *10nSI ' Ole) 1 
1 9S0uS*2 1 Ibu SAE 1 R°OEEST ! "Sons 1 6961 ! 
t n9gtig’o hEes’ ah 1 S°o1gst ! *¢92G) 1 996) ! 
1 4so0se°t t Llo°s&le J "62051 ! "shunt ! L9nt ! 
1 loldo’t t 2€69°n92 1! d°nn9et 1 “OUEE 1 9961 ! 
1 6191S°%¢= ! 2St uft™ 1 9° guIEgt 1 "40ney 1 S961 1 
1 TIcue’se= ! 42S°f6e" 1! S*no2nt 1 *GaIS) 1 961 ! 
1 S2ise°’¢ge 1 nls°dun= 1 h°Lonnt ! “ston t £967 ! 
1 2uS06v°O t ete °uet ' ¢°LeGnl 1 “olnnt 1 2065 ! 
1 690S8°¢ 1 n0s"Odt 1 S°2isnt st Ps 1961 ; 
1 9G6fLn°0e t L02°89= | g°22enl 1! *LoOEHs | U9H1 ! 
1 2avect*o= t 99bu°92@ 1 2°Cron't 1 *vLont J 6So61 ' 
| 99£998°9 1 n€d° 66" 1 2°000nt ee 1 S61 t 
1 h2926°T 1 sog°Ss2 1 e°SsSit 1 *oRzet 1 LSal t 
1 1U2S°¢@ 1 192°L40S= | L°cuegt ! "tbnnt t 9561 } 
PRtestereeelzesz28 | ste sezelSsSsessral eseasatzreseexesnl eeeetessrt=sssens | eaeneerseees2ea] 
1 udsIa JivUiwis 7 42° 9lvinwis 3 FLV Ww Iynady t ! 
1 


BIASTSSAASSSSsesl SSSSecsewessaess2eeN fl RAAsSKerseeKcerwetalseseI2eereleseset | Ss8e_gtszerre2e22e{ 


SNONADOGNA = Ligvudd 


AWVINVA AH ANAMGLINO NoOTivInwts 


ALVINWIS 4 
WALIV 1s 


¢ 


AWVN 31V9S TOsWAS 
6L61 OL 9S6I 


:SGNNOd SWIL 
186} 


ar Os 


- 99 - 


OSE 


- 100 


—_—— Se eS eee ee ee Si te ee ee | 


2957-68 F Z2S0-40 ae ¥etz-20 


i i z 3 Sé422°or 1 aaarais t 
1 Leer °6s t 22R0°9h 1 99S "ine2 1 tro ° ote 1 RW 1 
1 thenes’t ' ofa02*te 1 £90° tne 1 C62°snz 1 Ny3w J 
[ REX SSACT ESOS ASAE] SAS as sl Ss RREBsS | STESESMesaA cas as= | e2srlsagssseaee#2 {Ae ksear=eweI82} 
1 ddd 3LV INNIS I Ya” Zivinwis % JzVINWIS | Twadv 1 1 


[ esesSutaeeicrteral SAKA ATACISISLEARTE | START RARER asa! aeZesrseeaascrsees | ess_gBanewes2=2Us! 
SNON39OGN3 = VyHHOd 


AVVINVA AG lNdtNO NOLTIVINNIG Yos BOTISTIIVIE 


J efeezenczakesses[ eeseseeeasazeese | eat TAeeesseer els l asBeieeeRtesrezes | Aeegearertasasss! 
1 L££62°2) 1 nSns°nt 1 SnS°SI¢ 1 "tee t 6lot ! 
1 iget ne 1 2S¢S°us 1 SES°00€ *ehe 1 elt 
! 9159°SS 1 £25°<0] 1 Les ove 1 “ORI 1 Lilet 1 
1 n029°9h 1 Cine se 1 Trt°dne f *2T2 1 9161 t 
1 Sut *oe~ { 6002°S9= 1 664° fT ! *ong 1 Slat ! 
LO9L° EI" 1 62l2°2dhe 1 Led°ng¢2 t *40¢ 1 nlol 1 
! sntss"o 1 Stelzs*t ' LLS*au2 ! °982 1 Clot ! 
1 €0L£E9°s Lngo°e2t 1 GS0°9¢2 1 *nle Zlol ! 
1 seea°Lee n9ly bbe ' het°qae "Oty 1 blot 1 
J neal°oie ! 1699 One 1 Tet ’So2 1! *of¢ | Ol6t 1 
1 1oce’as t Hite’ of ; Tgl°ge2 } "ihe J 6961 ! 
1 9nfs6°¢ t+ gozs°o ! Tet°ov2 t *9S2 ' g961 t 
1 o8S0°01" 1 9n9L° ede 1 Ve2e°ls2 { "one j L961 ! 
1 9lont 1 ofn06°s 1 nos°Lk2 1 *nf2 ! 9961 ! 
1 29590%4 ’ Lot. ot 1 nl°29t 1 °2S1 1 S96! ! 
1 6299°g2* 1 940n° Re 1 H6S°2u2 t *nfe 1 1961 ! 
| n0n0°¢ t= 1! gt2i°ote@ 1 @49°On2 ' *.l2 j C961 ! 
1 vees*’ei~ 1 2nSe' if t 9nl°Gol 1 *0f¢ 1 2961 ! 
1 b6090f°0 1 2vo1RL°0@ t B12" oo ' *v0e i 196) 1 
1 1590°S4 t 9019°S2 { 119°Sol ! "oll 1 0961 1 
1 S256°L)" t Snok ine | S09°912 ! *19e 1 6S61 | 
1 wLovts ’ Tene’ e2z 1 2u9°ad2d ! °902¢ 1 BSet | 
1 tort 22 1 Iiouw’ en 1 toa’ 9£2 “noi 1 LSet ! 
1 2f6L°2h t 120 °S¢ 1 tee°si¢ *082 1 9661 ! 
| exreterseedete es] RRs essssraaesazlexsrsetareseseeate ll aziehaeawwtergesh [CRRA esEVRssz] 
1 Yada” 3ILvMiWwIs 3 HY3°3LVInWIsS ft 3IuvVinwIs t Vvwnidy ! ! 
J 


RSAEISTSSAT TIRES] SPRARATALSARASE RA RASAARAToATeIsrtal asEasagcs#sXaessexe| tazseeasecesezaer} 


BNONZXOGONS @= TyhHod 


I1WVIUNVA AQ iNdino NOTLY WIS 


JivINWIS 14 : 


WALOV 1+ o 
SIWYN 39S IOSEWAS 


6261 OL 9S6I *SANNOd SAWIL 


gcse? + 


498) 


996 | 


1861 9/61 1264 
V/ Areal 
AV LAY : DLO NU 


~ L10i = 


SOGN3 act S>IMOS : a 0° ol 


e MY 


102 


SIL9R8°S 


hoeSlu’s 
dtatt6°O 


t 
1 


} 


B8e70GE~U 
neds’ 
vweAngzo"O 


tT weoet-t 


Ses 
1 8 ¥9LS°9 


T =9uHe-b 


1 =wS6g9°9 
1 16405°9 


Nv39W 


POSaezel tesla azec] SSKSassI ASR AREAS [ SAL AT exrseaweratel asses#exrszeaz235= | fesgtseaeeswsErces] 


uaId” BLvInWIs 1 
| SPOSSSSSTSLIBK ses] EMIISHSVSSAS SSSA SSLEERRASRCSSEEIR] EBKT Herel essexwrs| Ceecaelossexwxzsee] 


J 


| 
i 
1 
I 
I 
J 
t 
I 
J 
J 
1 
1 
I 
| 
ly 
J 
J 
| 
1 
J 
f 
I 
I 
J 
1 
te 
5 
i 


43° 91LVInWIis 


I FLV Innis 


! Vwnaldy 


1 1 


SNONZJNNGND | Sang 


JVGVIUVA AA Lildino NOTivInWIS und RITISIIVIE 


SSSHPRPL Sel zl nal eeseeeseseasassalesreRarcrasseesesl ceseleasateseseesz | Raeateeazeseeeex 


67050 °9= 
2ohes* t= 
g9lso° te 
9LE0°S) 
n99nl*t@ 
GLOIE’¢ 
oAW9I"O$ 
So9Li'A 
962550 40° 
ese.e°L 
9S9LI° te 
£1900°L 
1Snl6n°oe 
96999 °¢= 
Sencet*oe 
1941 %6= 
¢izet’¢ 
Lasit’s 
bobel"s 
¢L0uS 2 
Liene’se 
¥LS9S2°0 
lotol*se 
225k °Q" 


€2109E Ge 
Z2n62lu°Ue= 
950105 °%0= 
660nS5°0 
v2odu°u™ 
6etst2°0 
699S595°0 
G2taln’O 
669£00°0= 
@9£90n 0 
Gt0nlo°ve 
Cnbougn'O 
QAL8S00°0= 
teefe us 
ne2tto°oe 
60679 °U= 
CSoLe 0 
24000¢°0 
ge92en°O 
29561 °0 
TkSShn°0@ 
2Tot0°0 
1¥99Tn°0e@ 
267092 °U= 


Betes’s 
90T2L°H 
96549°S 

1n0e’n 
2L46Gh°h 
€1969°9 
Le6S8°S 
gi20e°9 

£999°9 
£¢n99°9 
#6912°9 
4695°9 
Ziee2n'9 
LL001°9 
RLS01°9 
69229°9 
Tstt6°d 
totes 
nN99GL°L 
29Sil°l 
Ln2go°9 
2tland 
26t09°L 
1Shwe°@ 


ws eesesc ov eseesges—2 ose ee aese oes 2S eB O28 eS 2 28 os os 2 oe oe ow 


€G66°S 
T6L°n 
4it°s 

62°n 
6¢S°n 
ban°y 
no2°s 
S¢@°S 

69°9 
wit°9 
bo2°9 
of1°9 
G2n°9 
£¢oE°9 
4ti°9 
<1g°4 
219° 
bend 
neces 

Q5°4 
bon’s@ 
cGn°d 
120° 
204° 


=8 «8 <8 <8 «8 =8 =F =—8 =O —98 <9 @=8@ oO =-9 “9 <S 298 OS =9 @S oP oS SO “DB 


! 
ol6t ! 
vlol 1 
Llotl ! 
9161 i 
Slot ' 
nloet 1 
Glot 1 
216} 1 
VlLot 1 
OLot 1 
6961 t 
8961 1 
L496) ! 
9961 | 
S9al ! 
no6t 1 
£967 ! 
296) t 
1946) 1 
0961 1 
6S6) | 
8Gel 1 
LSet ! 
9G6t | 


es <e8 ese ewe emeeagewaose oP ee ee ese oe eo 28 28 2S oO esi os oF ose oe ==@ 


SPLAREAWEARTE AH egse | SRS Soeallececseswel eA HeIal esse enksl] eeBeteoxexzzBsnaer= | LeRgCarewrgeezen! 
MII ALvWiwls 7 


43° 31 V1NWIS 


1 3LVInwIs 
RSEBRVBET ILA CIAASl] ALAS AS HK Clg WAS] ssoszaRsessessera 2feeerlesx 


t Twnioy 


I | 


SSRaseea= | SERglesauarKeen] 


SNONI900N3 @ §NMNE 


B1AVIUVA AW LNdinO NOTIVINKITS 


= L035 


II.3 The U.S. Lamb and Sheep Supply Submodel 


The structure of this model is very similar to the previous supply 
submodels. A special attribute of this model is the joint production 
aspects of wool and lamb. This is reflected by the negative effects 
of the relative price of lamb and the relative price of wool on the 
amount cf lamb and sheep slaughtered. 

On the other hand, higher prices for lamb increases lamb production 
which implies that carcass weight increases. 

The effect of an increase in the relative price of wool on wool 
production is obtained indirectly through an increase in the stocks of 
lamb and sheep on hand. 

The following graphs show the historical simultaneous validation 
of thig submodel. In the Appendix to Section II the statistical 


properties of the estimated equations and the data are presented. 
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II.4 The U.S. Poultry Supply Submodel 


This model comprises two interrelated components: a) chicken and eggs, 
and b) turkey. Since turkey and chicken are substitutes from the consumers 
point of view and the industry is highly concentrated, it is highly likely 
that stock decisions in turkey depend among other things on the stocks of 
Beicken. Therefore, the interrelations between these two components is 
through the stock equations. 

In the chicken component we differentiate among broilers, non-broilers 
and laying hens. Meat is produced by broilers and non-broilers and eggs 
are produced by laying hens. Meat production is affected positively by 
a two year moving average of the pertinent chicken prices relative to 
feed costs. It is Wt so affected by the initial stocks of laying hens 
in the case of non-broiler production and by the initial Boal of broiler 
chicken and hatching eggs in the case of broiler production. Because of 
the fast turn-over in broiler production, the higher the initial stocks, 
the lower current production will be. Om the other hand, the higher the 
availability of hatching eggs, the more broiler chicken can be produced. 
Similarly, the average number of laying hens is affected positively by 
a two year moving average of egg prices relative to feed costs. 

Egg prices did not show any meaningful relation to the average number 
of eggs laid per chicken neither could be found any measurable index of 
technological improvement which would affect in a meaningful way the 
average number of eggs laid per chicken. In the absence of any other 
alternative a time trend was included in the specification of egg yields. 

The specification of the turkey component is simpler since it is 
a relatively less important industry. As it is with chicken, a two year 
moving average of turkey prices relative to feeding costs is shown to 


affect positively the amount produced of turkey meat. 


Following are the historical simultaneous solutions of the poultry 


supply model. The statistical properties of the estimated equations and 
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II.5 Input Derived Demand Functions for Feed Grains 
and Oilseed Meals in U.S. Livestock Production 

The input derived demand component consists of the demand functions 
for feed grain, hay and oilseed meals. The general structure of these 
equations reflects the theoretical framework of derived input demand 
functions. As such they depend on their own prices, prices of alternative 
feed grains and high protein feeds, prices of the final livestock 
products and the number of units of the pertinent consuming animals. 

For given prices of livestock products, coarse grains and high 
protein feeds, the input derived demand functions are assumed to be 
recursive to the livestock supply system. Therefore, the number of 
units of pertinent consuming animals taken as explanatory variables 
in these demand functions are obtained from the simultaneous solutions 
of the livestock supply systen. 

As far as the feed grains are concerned, the following crops 
are considere.: corn, sorghum, barley, oats and wheat. Because of 
the geographical dependency of feeding practices and livestock production, 
the nature of the grain consuming animal units may be different from one 
feed-grain to another. Therefore, while the feed demands of barley and 
corn depend on a general measure of grain consuming animal units which 
includes all livestock production, the feed demands of sorghum and wheat 
depends only on fed beef production and the feed demand of oats depends 
on the number of milking cows on hand. 

The above mentioned geographical dependency of feeding practices 
affects also the available feed-grain alternatives for each of the 
feed grains considered. This is reflected by the different feed 


grain prices in each of the estimated feed grain demand functions. 


eo 


Unlike the input demand for the feed grains, the demand for hay and 
roughage depends on livestock production and does not depend on livestock 
animal numbers. Of all feed grains considered as possible substitutes, 
sorghum seems to be the most significant one. 

As far as high protein feeds are concermed, only the oilseed meals 
are considered. Soybean meal represents about 90% of all oilseed meals 
fed to U.S. livestock. The rest is mainly composed of cotton-seed meal. 
For this reason, just the demand for soybean meal and the demand of all 
other oilseed meals will be presently estimated. 

The demand for soybean oil depends on and index of livestock 
production, on its own price relative to livestock prices and on the 
cottonseed meal price relative to livestock prices. This last price 
relative is a reflection of the substitution effects among the oilseed meals. 

The demand for other oilseed meals (excluding soybean meal) depend 
on the relative price of cotton-seed meal as a representative price of 
these meals, on the relative price of soybean meal and on the amount 
fed of soybean meal. This specification does reflect the residual 
demand characteristic of nonsoybean meal. 

Following the general description of the estimated equations, 
the solutions of these input demand functions solved simultaneously 
with the livestock supply system are validated for the historical period. 
The statistical properties of the estimated equations and the relevant 


data are presented in the Appendix to section II. 
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Section III 


amic Analysis of the U.S. Livestock Su oly Model 


In the previous section the estimated submodels were validated 


with respect to the historical data. This validation implies that 


there exists solutions to the model and that these solutions resemble 


the historical data of the endogenous variables in the mocel, While 


it is reassuring that the model may have at least some validity 


for the historical data, the existence of these solutions does not 


give by itself any assurance that the model will well behave outside 


the range of its historical data or that it will even solve when 


using new data. While it is very difficult to forecast how weil an 


econometric model will do outside the Tange of data that was used 


fo estimate it, analysis of the dynamic characteristics of the model 


may give a clue as to the existence of solutions when new data is 


used. It is the purpose of this section to explore the dynamic 


Characteristics of the U.S. livestock supply model. 


As can be easily realized, the estimated models pertaining to 


livestock supply may be looked upon as a nonlinear homogeneous 


System of difference equations. In general such Systems are not 


stationary. However, if the System is not too far fron being linear 


Or the dynamic properties change only Slowly through Cine. it js 


Possible to deduce these properties for a particular tine interval. 


The only nonlinearities Present in the different components of the 


livestock supply model are related to the execgenous price ratios and 


fo some production variables that are Obtained from multiplying yields 


by the nuxber of producins units, 


The following is a general linearized representation of the reduced 


form equations of any of the submodels presented in the previous secticn: 
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(1) oY, 24,2 spoteto te gi te Agte geteby ex, 


or in matrix notation: 


(2) | ¥, Ay Ay A; a By 0 0 Xe | 
Te atiee="| te 070 Ye oilwet [0 pOand 0 | 
Yee O are Ye-5 000 0. 


which may be represented as 
OB be ages AY, 1 + Bx, 
If at time t, x, is changed to x* and kept at that level n periocs, thea 


after n periods we obtain 


n+l 


(4) So ty ae A Yeel = (Am + anal + eeeae + A wy TG Bx* 


If the system is stable; then y*,,, has to converge to a solution 
asn-~, Let 
(Ebley Gare tare een els 


n 
Then 


(6) S,- AS, = (I-A) S$, 21 - antl 
Therefore, if as nem, AMti+9 then 
(7) s= (r= a7 
It follows that the system will reach a new stationary equilibriz= at 
(8) y* = (I - A)? Bx* 
Therefore, if the system is stable, there will exist solutions to the 
model outside the original data range. 

As it is well known [S,B] stands for the cumulitative multiplier 
up to n= periods after the initial change has been made and [SB] stands 
for the long-run multiplier. 

If our models would have been linear, the Hee description of 
the necessary conditions for a stable dynamic system imply that 


(9) AY ean = ats Ax, +0 as n7o 


A EE LLL 


: er a ee 


Sse 
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h Ax, = x*- 
W ere t Xe — Xe e 
Notice that expression (9) as a function of n Stands for the impact and the 


delayed effects of a one time change of x at time tt 
But 
(10) A"B = c pi cl, 
where C stands for the matrix of the characteristic vectors of A and D 


i 


stands fora diagonal matrix which consists of the corresponding charecteristic 


roots. It follows that AY pan ds a linear combination of the roots of A 


each raised to the power of n, Therefore, solutions such as in (8) 


depend on whether all of roots of A are smaller than 1 in absolute value, 
Moreover, if the System is stable, equation (9) indicates the adjusting 
pattern of the system towards its stationary solution, So, the adjustment 
pattern will be oscillatory if some roots are negative or complex. 

Because of the nonlinearities present in the livestock supply 
components no attempt was made to obtain a linearized version of 
A°B and its decomposition as in (10). Instead, the successive 
values of the resulting current and delayed changes in the endogenous 
variables from a one tine change in any of the exogenous variables 
were computed for the time intervals in which each supply component 
was estimated. As it will be shown, all of the livestock supply 
components are stable in the sense that the delayed reactions of the 
endogenous variables tend to vanish as the time since the she BB ein ik 
perturbation was affected increases. Accordingly, any sustained change 
in the exogenous variables will result in a new Stationary (long-run) 
equilibrium. These equilibrium values will also be dealt with in the 


subsequent presentation. 


-i/J-= 
IlI.1 Dynamic Characteristics of the Beef and Dairy Component 


Our previous discussion was focused on the existence and stability 
of solutions outside the original data base. Even if these solutions 
exist they may not be in compliance with existing theory or with perceived 
knowledge concerning the particular sector analyzed. Therefore, the 
empirical analysis of the adjustment patterns and the long-run changes 
in the endogenous variables resulting from exogenous shocks should 
provide an additional criterion for model credibility and validation. 

In the beef and dairy submodel 3 kinds of exogenous shocks were 
Werte a) An increase in the price of corm by 10%; b) An increase in 
the farm price of milk by 10%; c) A simultaneous increase of 10% in 
the farm prices of steers, choice feeder cattle, utility cows and 
veal. In general it can be said that because of a slow adjusting process 
a steady state solution is not obtained in the time interval in which 
these tests were eer ore ae But as can be seen from the following tables, 
the changes in the delayed multipliers from period n to period n+l decrease 
in absolute value as n increases. This means that as n increases the 
delayed multipliers tend to vanish implying that the steady state 
solutions will eventually be obtained. 

Before we proceed we should be specific about the meaning of the 


headings in the tables shown in the Appendix to section III. 


Ay 
t+n n 

. > 

Imp. Mult. Ye AB n20 
Ay 
t+i me ek 
e i e — 

Cum. Mult Ye4 iXo nat ATB 


where 


= the endogenous variable n periods after the initial 
change in the exogenous variable was affected, 
xX, = the exogenous variable that was changed in period t. 


Jean 


We first analyze the implications of increasing the farm price of corn. 


The adjustment pattern for different endogenous variables as seen from tte 
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columns headed "imp. mult." in the tables appearing in the Appendix to 
this section have certain Similarities. As far as the slaughter of 
calves, non-fed cattle and dairy cows are concerned, the adjustment is 
first positive, namely the number of animals slaughtered increases, but 
eventually these slaughter decreases. On the other hand, the numbers 
of fed steers and heifers slaughtered first decrease and then eventually 
increase. These results stem from the fact that as the price of com 
increases the capital value of livestock diminishes inducing farmers to 
disinvest. For non-fed livestock, disinvestment takes the form of 
increased slaughter while at the =, time less animals are fed and 
therefore less fed animals will be slaughtered. In terms of beef pro= 
duction this implies that long-run production of non-fed beef and veal 
increases while the long-run production of fed beef declines. Since 
fed beef constitutes about 80% of total beef produced, total beef pro- 
duction will decline in the long-run. Notice that the long-run effects 
are presented under che heading of "cum. milt.", 

As far as the effect of an increase in the price of corn on nilk 
production there are two factors to consider: one is the effect on yield 
and the other is the effect on the number of dairy cows. As far as the 


number of cows are concerned, the long-run impact is clearly negative, 


On the other hand, the long-run impact on yield is positive because the 


yield is negatively affected by the number of dairy cows. The total 


effect on milk production is negative. 
Some of these results are show graphically. The tables presenting 


the detailed computations appear in the Appendix to this section. 
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Next, the effects of a 10% increase in the farm price of =ilk is 
considered, Here, an oscillatory pattern of a convergent adjustment 
mechanism is generally observed. This oscillatory pattern is generated 
by the interplay of investments and disinvestment decisions as exemplified 
by the adjustment mechanism in the number of dairy cows-slaughtered. As 
far as the numbers of dairy cows slaughtered are concerned, an increase 
in the price of milk has two contradictory effects. From the Sehavioral 
equations presented in the previous ae we know that the nmbers 
of dairy cows slaughtered depend on fhe current and lagged addizions 
of heifers to the dairy herd and on the current farm price of silk. 
While an increase in the farm price of milk brings about an immediate 
reduction in the number of slaughtered dairy cows, it also: brings 
about an increase in the current number of heifers added to eee dairy 
herd. This. current increase in the number of hiefers kh Al bring 
about: a reduction in slaughter. But as more heifers are added to the 
dairy herd and less dairy cows are slaughtered, the dairy herd will 
increase, allowing for more slaughter of dairy cows in the futcre. 

These two conflicting forces characteristically generate the oscillatory 
pattem in the. adjustment mechanism of the: endogenous variables in 

the beef and dairy model to. a changing price of milk and is: ressonsible 
for. are long-run: increase: in the numbers of non<-fed. cattle slaughtered 

! and. in. S cfen beef production. i 

The effect of. a price increase of nilk on the numbers of fed and 
non—fed. steers and heifers slaughtered stems from the relation >etweer 
steer and heifer. slaughter: and the stock of calves. om farm and from 
the dependency of these stocks on the stock of the dairy herd which 
is obviously affected by dairy slaughter. As the numbers of fad. 
steers and heifers slaughtered in the long-run increases, fed teef 


production will also increase. 
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The effects of an increase in the farm price of milk on the yield 
of milk is related to a positive direct component and a negative indirect 
component. The indirect component stems from the negative effect that 
the size of the dairy herd has on milk yield and on the positive effect 
that an increase in the farm price of milk has on the dairy herd. 

These two conflicting effects have an oscillatory effect on the 
adjusting pattern of the milk yield as the farm price of milk increases, 
A similar pattern of adjustment an be eras for the quantity of 
milk produced. As a result of these conflicting forces milk yield 

will decline in the long-run but milk production will increase. 

The tables showing the detailed short-run and long-run 
implications of an increase in the farm price of milk appear in 
the Appendix to Section III. Some of these results are presently 


shown graphically. 
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Since in the beef and dairy supply model producer prices are ass=med 
to be exogenous variables, it should be interesting to analyze the imslica- 
tions of changing these prices on the adjusting patterns of the endogenous 
variables towards the steady state equilibrium and on the nature of tie 
steady state equilibrium. There are four beef prices affecting the beer 
and dairy model: the price of steers, of choice feeder cattle, of utility 
cows and of veal. Because of the high degree of substitutibility in crea 
consumer demand of beef of different qualities, it is very likely thaz the 
above mentioned prices are highly correlated. Therefore, it was decicad 
to perform the dynamic analysis. by changing all of these prices by the same 
proportion. It should be clear that in this case there is no seaning to 
the term “multiplier” since the resulting changes in the endogenous variable: 
cannot be related to a change in a single exogenous variable. In the 
tables of the Appendix to section. III the meaning of the ‘headings are: 


‘Delta y,, "4B dx, 220 


Cum. Delta y,, = (,25 AB) Ax, 
where Ax. stand: for a vector of pertinent changes in beef prices. 

As far as fed and: non=fed slaughter is. concerned the adjustment 
patterns. towards convergence are diametrically opposed... While initialir 
non=fed. cattle slaiatreted declines, the numbers of fed steers and hetjiers 
increase. The. reason again. being that for non=fed cattle, their capital 
value: increases more than their foregone revenue for not selling now 
(capital cost) and therefore less animals are slaughtered. On the. 


other hand, as beef prices increase there: is not mich to gain from: 
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postponing slaughter and therefore slaughter is increased. Eventually 
the adjustment patter reverses itself. As a result, in the long-run 
more fed and less non-fed animals will be slaughtered. The implication 
for beef production is obvious. 

An additional outcome of a general increase in the price of beef 
is that in the long-run less heifers are added to the dairy herd. As 
a result, the dairy herd in the long-run will decline and the yield of 
milk will increase. The total effect on cree production will be | 
negative. 

Some of these results are shown graphically. The detailed 
computations appear in the tables shown in the Appendix to this 


section. 


- 191 - 


ese) 


8/6) 


AVIA 
SWYN 31V9S OAWAS 
6461 OL S61 *SaNnOg anti 


e161 896} sosi gs £56) 


- 192 = 


€86 | 


8/61 


£16) 


| 


896 | 


cs 


AVATIO VATION " 


AWYN JIS “IOGHAS 


} 
| 


6461 OL €S6) :SaNNO@ 3HIL 


E96 | gs6 | es6| 
ss : esz- 


88S 


6Sc\ 


"8802 


- 193 - 


eee! 


£26) 


896) 


GdSMIVS ViTHd If ots 
SAWVN AIW9IS TOSHAS 
6261 OL €S61 ‘SaNNOd AWIL 


eos} 890 


= 104) = 


£261 


896] 


G4SAHVS VLTSG WND | oI4 0 
AWVN 3WIS TOSHAS 


6461 OL €S61) *SaNnod SWIL 


- 195 - 


edVUW Vi130 VF —t™ 
 SWVN 3IVIS OdHAS 
62461 OL €S61 *SdNnod 3HTt 


86) 881 £16) —- gg6} 


96) 


- 196 - 


’ 


Tuad 1 


£86] 


161 


8961 


SAVIN VLIaa7Hna | oF 


0 


AWVN BWIS SHAS 


6461 OL €S6I SQNNOG JHIL 


e96I gs6i esel 
eS I- 


80 I- 


8S O- 


i108 8 


- 197 =- 


III.2 Dynamic Characteristics of the Pork Component 


In this component, the dynamic characteristics were tested with 
respect to two exogenous shocks: a) A 10% increase in the price of corn; 
b) A 10% increase in the farm price of barrows and gilts. 

Unlike the beef and dairy component, the production cycle in pork 
is much shorter. therefore. ene recursive dependency on younger age 
cohorts is not. a constraint in an annual pork supply model and does not 
affect the dynamic adjustments of the model to exogenous shocks. It 
follows that the adjustment mechanism will be only affected by the 
process by which expected prices are A and by the lagged 
endogenous variables which reflect the adjustment delays due to 
constraints not explicitly dealt with in the model. As a result, 
less complicated adjustment patterns in the endogenous variables 
should be expected rom exogenous shocks to the pork component. 

An increase in the price of com will wniformally reduce slaughter 
and production since less pigs will be raised. Om the other hand, 
an increase in the farm price of barrows and gilts will uninformily 


increase slaughter: and production because more pigs: will. be raised. 


The adjustment patterns as seen from the tables shown in the Appendix 


to section III under the heading of "im. mit." do montonically vanish... 
The detailed results are shown in the: tables: appearing in the 
Appendix to. this. section. Some of these results are also presently 


shown graphically. 
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III.3 Dynamic Characteristics of the Lamb and Sheep Component 


In this component only two perturbations were tested: a) A 10% 
increase in the farm price of lamb; b) A 10% increase in the farm price 
of wool. 

The adjustment patterns to a stationary solution of all exdogenots 
variables is very similar irrespective of the kind of perturbation. 

The impact of any of the analyzed perturbations increased monotonicalir 
and reaches a maximum 11 years after, the perturbation is affected and 
then keeps declining till it vanishes. 

As a result, the cumulitative multipliers show a sigmoid 
dependency with time. 

The detailed results from increasing the farm prices of lamb 
and wool are shown in the tables appearing in the Appendix to this 


section. Some of these results are also presently shown graphically. 
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III.4 The Dynamic Characteristics of the Poultry Componers 


In this component the effects of three kinds of changes are shown: 


a) A simltaneous increase of 10% in the feeding cost indices for pro- 
ducing eggs and broilers; b) A simultaneous increase of 102% in the 
wholesale prices of broiler and non-broiler chicken; c) An increase of 
10% in the average price of eggs received by farmers. 

Similar to the pork component, the turnover in poultry production 
is fast and in the context of an annual model younger age cohorts 
cOupose no constraints on current production. The place of youwrzer 
cohorts is taken by the availability of hatching eggs and of laying 
chickens, As a result, the adjustment patterns towards the stezdy 
state is not affected by biological constraints. Instead, these 
evolving patterns toward the long-run solutions are affected by how 
price expectations are generated and by the existence of some otzer 
short-run constraints ear are not explicitly dealt with in the 
specification of this component. These short-run constraints are 
reflected by the mutual interaction of production and ending stccks 
and by the effects of one year lags of some of the endogenous 
variables. 


Just as was shown in the pork component, the adjustment pattern 


towards equilibrium in the poultry component is also monotonous. It stould 


be realized that it is not always possible to refer to multipliers in 
the poultry model because as was already explained when dealing with 
the dynamic characteristics of the beef and dairy component, sore of 
the tested perturbartions imply simultaneous shocks of exogenous 
variables. Therefore, as the feeding cost indices in the production 
of eggs and broilers simultaneously increases by 10% the impact and 


delayed effects are mostly negative, the later diminishing in absolute 


| 
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value till they vanish. It is interesting to note that the impact and 
delayed effect on yield of eggs are positive as the cost indices increase; 
the reason being that the yield of eggs is affected negatively by the 
mumber of layers and as the number of layers decrease, the yield increases. 
As far as egg production is concermed, the negative effect on the number 
of layers is stronger than the positive effects on the yield resulting 
in a reduction in egg production. 

When the prices of broiler and non-broiler chicken are simultaneously 
increased and when the price of eggs is increased, the adjustment pattern 
of the poultry model is very similar. 

The detailed results of these perturbations are shown in the 
Appendix to Section III. Some characteristic results are shown in 


the graphs that follow. 
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Appendix to Section I 


This Appendix deals with the Jarvis (1974) model. While a simplified 
version of reality, this model captures the marketing and investment 
decisions of feedlot operators. Let A = age of steer, I = daily ration of 
feed, c = price of feed, P = expected price per pound of meat, W = weight 
of steer, r = rate of interest. Both the weight of the animal and the 
expected price of meat are assumed to be functions of I and A, implying 
that the quality of the beef is reflected in the unit price received 

P(A,1). Competitive conditions are assumed to prevail. In the context 
of this model, the competitive assumption implies that the farmer may 
affect the price through the quality of product but not through 
quantity. | 

The objective is to find A,I such that the expected discounted 
present value of profits (calf's value at birth) 4/ is maximized. This 
is specified as: 


Cat 


(1) Max 7(A,I) = P(A, I)W(A,I)e t4 2 cr s* ae 
If (1) is twice differentiable and has a maximum, then the optimal values 


c* A and I will be obtained from the first order conditions: 


(2) W(A,I)P, + P(A,I)Wy = cl + rPW 


-rA 
Gy GIGG1)P,. 4, P(A, TWe)e 19, aie 11-27) 


where 
OP. P a Ors W = ow W aeow es = 
ye ae Saye Chee aes TN 


The meaning of (2) and (3) is straightforward and it related to the usual 
conditions effecting input demand in a profit maximizing firm. In general 
these conditions imply that it is necessary for every input to equally 
affect revenue and costs at the margin. Postponing the age of slaughter 
at any given feed ration will increase feeding cost by cl and capital 


cost by rPw. This capital cost is a result of deferring the income of PW. 
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The marginal revenue resulting from postponing slaughter is shown in the 
left hand side of (2). Similarly for any slaughter age A, the present 
discounted marginal revenue value resulting from an increase in the 
feed ration is shown in the left hand side of (3). In equilibrium this 
should be equal to the present value of the increase in the cost stream 
that results from an increase in the feeding ration. This expression 
is shown in the right hand side of (3). 

For convenience we shall rewrite (3) as 
(3') W(A,I)P,; + P(A,I)W, = € (eTA-1) 

The solution to (2) and (3') provided 7(A,1) is strictly concave will show 
the optimal value of A and I, (A and T) respectively, A and I will 


depend on c, r and on the price structure of meat, namely A = A(c,r,S) 


I = I(c,r,S) where S is a shift parameter in the P function (initially S=0). 


It should be noticed that A and I will not be affected if the meat 
price structure and the price of feed will increase by the same proportion. 
It immediately follows that the supply of meat is homogeneous of degree 


zero with respect to P and c. 


“aw 


Before deriving the properties of the partial derivatives of A and I 
with respect to c, r and S, the following assumptions pertaining P(A,I,S) 
and W(A,I) will be introduced: 

WaoPa > 03 Wy,Py > 03 WeysPaz 205 WansPaa® < 03 


Whom tame Ue Nyc! 


9 OW: - 9. dP _ OP 

where Wa 7A (sp > Pat TA (sz) Po wd ee tne and so on. - 5 

Essentially we are assuming that age and feed are complementary factors 

in production and in pricing. We are also assuming that as S increases 
the price structure shifts outwards resulting in higher prices at any 


given quality of meat. 
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The comparative static analysis of changing c, r and S hinges on the 


properties of the Hessian matrix of (1). This matrix can be represented as: 
Ax B* 
of B* D* ] 


where 
W(P ag - PG) + P(Waa - Wa8) = Ax 
W(P ar an Pya) = P(Wat = WB) - ¢c = BX 


2PrWy + WPyy + PWyz = D* 


and cd 


"i 
H 
1 
a a = 
Hee > 


Second order conditions for an unconstrained maximum requires 


2 


A*,D* < 0 and A*D* = B*° = F > 0 


Differentiating (2) and (3) with respect to c we obtain 


are 
NR > 


1 A 
5 = = (D*I -B* eb 1 
(5) F aes ) 


- 
(6) $o = (At atten - BAI) 


Q 


Where F is the determinant of the matrix in (4). Notice that (eT-1)>0, 
Given that A* and D* are negative numbers, the effect of an increase in 
the price of feed will depend on the magnitude of B*, Thus, if B* is 
negative and small enough, not only may the feed ration increase but also 
the total feed consumption may increase if A increases. According to 
the model this possibility may arise since the farmer could compensate 
for his increased cost by improving the quality and by increasing the 
quantity of the meat produced, thereby increasing revenue. On the other 
hand, if B* is large enough, an increase in the price of feed will result 
in a decrease in the feed ration and in slaughtering the steer at an 
earlier age. This will lead to a decrease in long-run production. In 
particular if 


W 


(7) r<oras<0 
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Pa 
(8): ere See or 6. S00 


and (9) WP + PW ne) 


B* will be positive and Jarvis postulates will hold. 


Therefore, the conditions in (7), (8) and (9) are sufficient for 7,3 <-s 


Cc 
These sufficient conditions imply that the rates of change in weight and 
in price have each to be larger than the rate of interest; in addition the 
rate of change in marginal revenue due to an-increase in the feeding ration 


has to be larger than the marginal cost of increasing the feeding ration (c). 


Differentiating (2) and (3') with respect to r we obtain 


(10) 3A -2 [DAWwP - B* Sy (1 + eTA (ar ~ 1))] 
aT 
(a =< [A* £2 (1 + eT® (Ar - 1)) - BANP] 


Again, provided that the second order conditions hold, the affects of an 
increase in r may be either positive or negative. The sufficient conditions 
for a negative effect of ron A and I and therefore on production of meat 
are: 5*)- OeandeAre> ike 

Next we evaluate the effects of an outward shift in the price structure 
of meat. As was already mentioned, the Jarvis model implies an endogenous 
price of meat because price is affected by the decisions of A and I taken 
by the farmer. The price structure is represented by P(A,I,S) and an 
outward shift in the price structure will be affected by an increase in 
the parameter S. It should be remembered, however, that as S increases, 
not only does the price structure shift outward but the optimal values of 


A and I change as well. Therefore, 


(13) 


differentiating (2) and (3') with respect to S, keeping (13) in mind, we 


3A 91 
Pa ae t Py -gg + Pg 


obtain 
(14) 28 eas [D* (a - P,.) + B¥((Wr/W) + Pre) ] 
dS F AS I Is 
sF WP 
(15) 95 = 7 CA*CGy/W) + Py) + BC - Pas) ] 
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These results are not unambiguous even if the second order conditions 

hold. In general this model does not assure increased production as 

the price structure shifts outwerd. 2/ Nevertheless, the set of conditions 
specified in (7), (8) and (9) which lead to B* > O are sufficient for 

an increase in the feeding ration and for keeping the animal longer on 

the farm as the price structure of meats shifts Outwards. As a result, 


long-run meat production increases. 
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